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PREFACE

This report is the work of many people. It was guided and

supervised throughout by William M. Brown, Director of Civil Defense

Studies at the Hudson Institute. Dr. Brown also made numerous valu-

able editorial and substantive comments, supplied data or sources of

information in many cases, and contributed largely to the structural

organization of the report. Much data, including Annex D of Chapter

IV in its entirety, was also supplied by Cresson Kearny, as a result

of many personal interviews with experts in various fields; he also

contributed worthwhile suggestions in an editorial capacity.

Others who did much of the digging for data were Edward Friedman

(consultant), Althea Harris (research aide) and Corinne Enders (part-

time research assistant). Jean Ingersoll, of the research staff,

carried out an independent study under this contract, the results of

which are reported in Appendices II and III of this report (bound

separately).

Since the draft version of this report, which was issued on March 15,

1963, we have had the benefit of a number of helpful comments and

criticisms which resulted in corrections and changes. We particularly

wish to thank G. Higgins and J. Minkler of Lawrence Radiation. Laboratory

(Livermore), D. Grosch of North Carolina State College, T. Stonier of

Manhattan College, and A. Sparrow and G. Woodwell of Brookhaven National

Laboratory. However, any errors or omissions which may still remain

cannot be attributed to these individuals.
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CHAPTER I

CONTEXT OF THE STUDY

This chapter will present background material for succeeding chapters.

The first section presents the organizational scheme of the report as a

whole, as it arises naturally from various ecological concepts. It also

gives necessary definitions and notes limitations imposed by the nature of

the subject matter.

The second section discusses the range of possible nuclear attacks on

the United States, and relates some of the possib!flties to various current

strategic doctrines. The principal objective of the section is to gain

some insight on the extent to which detailed assumptions regarding attack

parameters (e.g. targeting, airburst vs. groundburst, season of the year

or time of day, fision-fusion ratios, megatonnage, etc.) constitute use-

ful input data for the study at hand.

Sections 43 and 04 present some of the existing data on biological con-

sequences of radioactivity, namely radiosensitivities of various plants

and animals and cycling of nuclides in certain food chains. Information

which has been adequately summarized elsewhere, such as somatic effects

on humans, and radioactive contamination of human food supplies, is

referenced.
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01 Organization and Methodology

The study of the interrelationships between members of a biotic

community is called ecology, and the community itself is usually

referred to as an ecosystem. Since ecology is a relatively undevel-

oped branch of the biological sciences it is for the most part des-

criptive rather than analytic. A typical object for an ecological

study would be a sand dune, a fresh waLer pond, or a coral atoll.

Such ecosystems are characterized by three things. First, they are

relatively simple. Second, they are relatively isolated from con-

tact with the outside world. And third, they are usually in an approxi-

mate steady-state or equilibrium.

We are concerned in the following with the effects which a ther-

monuclear attack on the United States might have on the biological

environment insofar as it affects humans. This aspect of the envi-

ronment might be called the "human ecosystem." As it exists now in

its equilibrium state, so to speak, this ecosystem is essentially both

simple and isolated. It is simple because so great is the dominance of

man over his natural environment that relatively few speciescompared

to the total numbersinteract strongly with the human population. (We

only assert this for North America. It is not necessarily true for

example in the jungles of the Congo.) The human ecosystem in North
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America is comparatively isolated because of the natural ocean

boundaries as well as the artificial barriers set up by public health

officials and the Department of Agriculture who guard against inadvertent

importations of unfamiliar species of insects, fungi, plants, and even

microbes.

The North American human ecosystem can be considered as a number

of smaller ecosystems based on geography and climate, merging indistin-

guishably into one another at the edges and also interacting strongly

via the agency of human commerce. Basically, the west Texas highlands,

Imperial valley of California, the North Dakota wheat lands, the

Appalachian forests, the Iowa-Illinois corn belt, the Mississippi

delta, and the Florida citrus groves offer quite radically different

local environmental conditions. These ought to be recognized and taken

into account in the study.

Ecologists commonly consider three basic relationships a given

species may have with another, e.g. it may be neutral (0), beneficial

N+, or antithetic (-).' The inverse relationship between the second

species and the first may not be symmetric, e.g. species A may be

beneficial to B, but B may be harmful to A. Between any two species

there are therefore six'*possible combinations of relationships cor-

responding to the number of combinations of 0, +, and - in pairs.

In our discussion of the human ecosystem we will deliberately ignore

certain kinds of interactions, namely interactions in which the

second species is affected by the human population but is neither

beneficial nor antithetic to it in return. This eliminates from

*With the cdnvention that +- and -+ are considered a single classi-
fication, etc.
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the six possible combinations, all those in which the second of the

two symbols is 0 (corresponding to "neutral"). In practire we will

also be able to ignore the reversi case where the human population

is affected but the other population is not. This is a possible

relationship and has indeed been observed between other pairs of

species but does not apply to any great extent in the human ecosystem.

We are left then with the three combinations as follows: ++ corresponds

to 'mutualism" or proto-cooperation in which both populations benefit, --

corresponds to competition, and +- corresponds to parasitism or predation.

Mutualism and proto-cooperation are often distinguished in that mutualism

is obligatory whereas proto-cooperation is not. Parasitism aild predation

are functionally the same, the principal difference being in terms of the

relative size of the parasite or predator and the host or prey in the two

cases.

There does not seem to be any case of mutualism between the human

species and any other, but proto-cooperation exists with the intestinal

bacteria which produce some of the vitamins needed by the human body--

replaceable however from other sources if necessary. Competition exists

of course between humans and other species for the same food supply. Rats,

rabbits, grasshoppers, aphids, and many others could be named. The most

important relationships are parasitism and predation which are presumably

self-explanatory. These relationships are sufficiently fundamental that

they offer the possibility of formulating a framework which is very con-

venient for the description of an ecosystem, in at least a quasi-analytrcal

way, by introducing the concept of the "food chain."
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Every food chain starts with the photosynthesis of inorganic chemicals

into protoplasm by plants (which however may range from unicellular algae

to giant Sequoia). Plants are called the first trophic level. The second

step in the food chain consists of animals feeding on the plants and

converting the plant protoplasm into animal protoplasm. To the extent

that any animal obtains food directly from plant sources it belongs

to the second trophic level. Animals on this level range from small

aquatic animals to large herbivorous creatures such as the cow, and also

omnivorous animals including man himself. A complex food chain may also

include several further levels of carnivores and omnivores. If a complex

food chain is represented in diagramatic form, it will consist of a pattern

of branches and intersections (see Figure 1-1, the Organizational Chart).

Each species in an ecosystem is represented by an intersection of several

branches which may stand for predator or parasite relationships. Such a

graph can be ordered in terms of trophic levels, say from right to left

starting from the lowest photosynthetic level, With this orientation,

lines converging toward the left represent different food sources for one

species while lines diverging toward the left represent different species

feeding on a given source. Thus competition for food is represented in

this diagram. Food energy flows in the diagram from right to left if no

distinction is made between parasite and predator relationships. We

have chosen this bcheme for Figure 1-1 with the further convention that

food energy always flows from top to bottom.
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The organization of this report is derived from Figure 1-1. Since

photosynthetic organisms (plants) are generally referred to as the first

trophic level, we shall hereafter refer to man as the Nth trophic level.

The most important ecological interactions affecting man are therefore

those between the Nth level and the N-Ist level.* These are two general

types depending on the direction of flow of food energy, namely energy

"sources" and energy 'sinks.'' Energy sources include plants and animals

(mostly micro-organisms and insects) Wfich in turn feed on humans. An

alternative description in terms of our earlier language would be to

say that the former were predator relationships (humans being the

predators) and the latter, parasitic relationships, humans being in

this case, the prey. A third kind of interaction is represented by

dotted lines in Figure I-I. This is essentially an abiotic interaction

with natural features of the environment including water, soil, and

weather. These factors interact with every trophic level and therefore

both directly and indirectly with humans. The three major sections of

this report, Chapters II, III, and IV are discussions of each of these

three types of interactions in the human ecosystem.

Chapter II is entitled "Food Chains in the Human Ecosystem" to make

clear the relationship of the subject matter to the schematic outline of

Figure 1-1. The word food is taken rather generally to include various

other necessities such as fibers (for clothing and paper), drugs, and

*In most cases the N-lst level is either the 1st or 2nd level (e.g.
N = 2 or 3 for most human food chains). t
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medicines, etc. The chapter could equally accurately be entitled

"Requirements and Sources of Necessities." Nutritional requirements are

discussed explicitly and at some length* in order to link specific re-

quirements (vitamins, amino-acids, minerals, anti-biotics, etc.) with

their main sources of supply. The objective is to evaluate the relative

extent to which a thermonuclear attack might affect the availability of

various critical elements.

Chapter III, entitled "Diseases and Pests in the Human Ecosystem,"

covers both direct interactions (diseases of humans) and secondary

effects. The organization within the chapter is based on convenient

groupings of subject matter which probably require no elaboration here.

Chapter IV is entitled "Abiotic Factors in the Human Ecosystem,"

and is intended to focus attention on weather and climate, soil (ero-

sion), water supplies etc. The distinction implied in the title is not

a precise one, since much of the discussion of these matters devolves

upon considerations of ground cover, surface reflectivity (for heat),

windbreaks, etc. Thus vegetation (especially forests) is intimately

and essentially linked with the whole gamut of "abiotic" factors.+ For

this reason one section is devoted to possible effects of thermonuclear

attack on forests qua forests.

There are two basic limitations imposed on any study carried out at

the present time on the effects of a thermonuclear war on the biological

environment. The first limitation is due to the fact that, by and large,

*The fact that ecological studies normally describe food chains
purely in terms of energy flow (i.e. Calories) is only due to our lack
of detailed knowledge of other nutritional factors in most ecosystems.

+Indeed, If not it would be hard to Justify including such a chapter.
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studies of ecosystems take place during periods of equilibrium and the

present study of the human ecosystem in the North American continent is

no exception. Yet the questions to which the study Is designed (In some

sense) to provide answers have to do with deviations from equilibrium

which, to the extent that they are of concern, may be quite violent. The

problem is therefore one of prediction and therefore must also Involve

theory. If the behavior of the human ecosystem for small deviations from

equilibrium were thoroughly understood, our task would be to represent

its "laws of motion" (as it were) in quantitative or even mathematical

form and to use these laws of motion to predict its response to severe

disturbances such as a thermonuclear attack might entail. The better the

system's ordinary behavior is understood, the more quantitative such pre-

dictions of pathological behavior would hope to be.

This leads to the second limitation which this study faces, namely

the scarcity of data in certain critical areas. A brief survey of some

of these deficiencies was inclLJed in the progress report on this contract

issued December 15, 1962. For completeness, an updated version is in-

cluded as Appendix 1 of this report.

In view of the foregoing a truly systematic study at this time appears

impracticable. In our view the most valid'approach in these circumstances

is to develop "ecological scenarios" which may lead to insights into the

complicated mechanisms of the ecosystem. Nature itself provides a number

of such scenarios which illustrate various complex interactions. We shall

present two examples as Appendices (11 and 110 to the present report. How-

ever, our long term objective is to create hypothetical scenarios which have

more direct relevance to the postattack environment. The bulk of our effort
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to date, therefore, has been devoted to compiling the basic material by

describing and analyzing the elements of the human ecosystem.
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42. Possiblc Attacks

An exposition of strategic concepts such as counterforce, counter-

value, first strike, second strike, etc., would be superfluous here,

since all these notions are very thoroughly analyzed in a previous Hudson

Institute report for the OCD. 2 It would probably be worthwhile to trace

a plausible connection between economics, strategic, military, and

political postures and specific attacks with resulting ecological conse-

quences when we come to consider specific scenarios. However, at this

stage of the game, it is not possible to formulate simple rules to

explain the interrelationships between Realpolitik and biology.

The attack described in the June, 1959 Congressional hearings3

(so-called Holifield attack) is appropriate primarily for calculations

of casualties, property damage, and degradation of military capabilities.

The detailed fallout and wind patterns and the complex time-dependent

radioactive decay described in the attack were probably of only moderate

significance in the economic and military calculations, and only slightly

more helpful for obtaining casualty statistics, simply because the demo-

graphic, economic and military characteristics of the country are not

expressible in analytic form (e.g., mathematical form) which would make

it possible to analyze the model and draw conclusions with some confidence.

It is reasonable to conclude that most of the conclusions which were drawn

from the Holifield attack could have been reached with much less detailed

data. When it comes to considering possible biological or ecological

consequences of an attack, the difficulty of making analytical connection

between the detail of the attack and the consequences becomes overwhelming.

It is noteworthy that at the hearings, Dr. John N. Wolfe, Chief of the
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Environmental Sciences Branch, Division of Biology and Medicine of the

AEC, in his testimony on long-term biological effects, was able to

utilize actual details of the Holifleld attack with reference to only

three remarks:
3

1. The fact that the Holifield attack took place in the middle of

October was noted with regard to the probability of fires spreading

over wide regions of the country (e.g. high-probability as against low

probability).

2. The fact that Los Angeles was bombed led to the conclusion that

the entire watershed would probably be burned.

3. The fact that Pittsburgh was bombed, in conjunction with the

fact that Pittsburgh lies over a number of coal seams, suggested the

possibility of ignition of underground coal fired (question raised by

Representative Durham).

In no other instance was Dr. Wolfe able to relate any of the par-

ticulars of the Holifield attack to specific potential biological or

ecological consequences.

Until such time as our analytical capabilities improve considerably

it would be premature to preface a study oriented toward ecological or

biological effects by detailed targeting considerations, wind-patterns,

etc. However, to the extent that broad generalizations may still be of

some value, we would like to suggest the following three "pure" targeting

strategies on the part of a hypothetical enemy.
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A. Pure Counterforce

This targeting doctrine would specify military targets only, pro-

viding for optimum use of weapons, i.e., airbursts for "soft" targets

and groundbursts for "hard" targets such as Minuteman silos. Under

this doctrine first priority would be given to SAC bases, second priority

to ICBM's, and third priority to supporting installations and

dispersal fields. The possible modification of this attack can be

envisioned in which only "first-strike capabilities" are attacked,

e.g., soft targets only. In this instance it would be a partially

disarming attack.

From a point of view of the biological environment, a pure counter-

force attack would be of considerable concern since most military tar-

gets, especially the higher priority ones, are in relatively unpopulated

but generally important agricultural areas. For example, two missile

bases (Atlas and Titan) are located in California's rich imperial Valley

and two more are located at eastern Washington, the best fruit-growing,

alfalfa and wheat area in the country. The lush irrigated cotton lands

around Tucson, Arizona are surrounded by Titan bases. Minuteman complexes

are being built in the winter wheat area of Montana, North Dakota, and

South Dakota, while other Atlas and Titan sites are scattered through

Nebraska, Kansas, and Oklahoma, mostly In the spring wheat area. In

fact, missile bases are found near all of the best farming regions west

of the Mississippi, although at least half a million square miles of

virtually worthless land are available In Nevada, Northern Arizona,

Southern Utah, and Wyoming. Incidentally, about half of the 224 targets
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chosen for the Holifield attack were of military nature (hence the

attack had a 50% counterforce component) but only groundbursts were

assumed.

B. Pure CounterDoaulation (Genghis Khan strike)

Here the targeting doctrine would be to kill the maximum number of

people without regard to other considerations and priority would be

given to population centers in order of size, e.g., New York, Los

Angeles, Long Beach, Chicago, Philadelphia, Detroit, San Francisco,

Oakland, Boston, Pittsburgh, St. Louis, Washington, D.C., Cleveland,

Baltimore, Newark, Minneapolis, St. Paul, Buffalo, Houston, Milwaukee,

Paterson-Clifton-Passaic, Seattle, Dallas, Cincinatti, Kansas City,

San Diego, Atlanta. These areas are also indicated on the map

(figure 1-2). By and large an attack on the cities would be much less

damaging to the agricultural capability of the country than an attack

on military installations.

C. Pure Counter-resource

This type of an attack has not been considered at length in the

literature on military strategies. Perhaps for this reason we ought to

examine the possibilities in somewhat more detail than above.+ It is

not possible to give a simple series of priorities for an anti-resource

attack. However, it might include the following:

*The 24 standard metropolitan areas, having a population of an excess
,f one million in order of size according to the 1960 census.

+The pure anti-resource attack is presumably not a very likely one.
However, other kinds of attacks might have anti-resource components. Also,
an anti-resource attack could be considered as a step in the escalation
ladder between counterforce and antipopulation attacks--the latter being
reserved for the "last resort."
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1. Dams, power stations, Irrigation canals, etc.

2. Drinking water reservoirs

3. Watersheds and forests

4. Oil fields and refineries, pipelines, coal fields, mines

5. Canals. tunnels, mountain passes, strategic railroad junctions,

bridges, super highways, microwave relay stations, etc.

6. Orchards, vineyards, livestock and other long-term agricultural

resources.

The foregoing represent permanent assets which are difficult, if

not impossible to replace, all of which could be destroyed without killing

a large percentage of the population. Since the loss of raw materials,

electric power, transportation, and water supplies could hobble industry as

effectively as physical destruction of plant machinery and workers, a

thoroughgoing attack of this sort might leave a high percentage of the

population surviving on land Incapable of supporting a complex society.

A nation in this condition could be conceivably as effectively eliminated

as a world power as a nation whose cities had been destroyed.

it should be emphasized that the foregoing three pure attacks are

not likely to occur as such since the mixture of motives leading to any

real attack is likely also to result in a mixture of strategies. A

real attack might consist of 45% counterforce, 30% counter-resource,

and 25% counterpopulatiol or any other combination. From the point of view

of long-term environmental effects, however, it is useful to look

at possible attacks In this way.

One other variable of importance is the size of the attack, which

of course may range from "small" to "large." From the biological point
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of view these terms must be defined relative to the amount of disturbance

of the biotic environment caused by the war, that is to say a small attack

would be an attack resulting in a small degree of ecological imbalance.

A useful objective for this study would be to provide some working

definition of "small," "medium," and "large" in terms of megatons or

other parameters familiar to the military strategists. A preliminary

attempt to do this will be found in Chapter V (Conclusions), but the

basis for such a calculation cannot be established with high confidence

at present.

Two transparent overlay maps will be found in Chapter II in con-

junction with the section on crop distribution. Map 11-1 contains

targets and fallout patterns calculated by the Weather bureau for the

"Holifield attack," which was a combined military-industrial attack

(1416 megatons) assumed to have taken place in October. 3 Map 11-2

contains targets and fallout patterns calculated by Technical Operations
4

Inc., for a combined military industrial attack (4080 megatons, 2720

fission). Both attacks were assumed to consist of ground bursts.

These overlays are designed to show the juxtaposition of targets and

fallouts with croplands (Maps 11-3 through 11-26 in Annex A, Chapter

II). For additional quick reference, fallout maps have also been

inserted as pages 1-16 and 1-17,following.
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§3 Summary of Information on Radlosensitivilles

Radlosensitivities of Cells

Among a large collection of similar cells, the fraction killed by a

given amount of radiation will be the same as the probability of a single

cell in the collection being killed by the radiation. It has been estab-

lished that the nucleoprotein (i.e. the chromosomes) is the sensitive

portion of the cell. This is not surprising inasmuch as all the vital

functions are determined by protein substances within the nucleus and

ultimately by the genes. The genes determine not only the reproduction

of the cell but all of the complex chemical interactions which take place

therein. In a crude sense then, the probability of killing a cell by a

radioactive "bullet" is essentially the probabiiity of hitting one of the

genes. The foregoing has been expressed as the "target-size theory" of

Sparrow, et al. 5

The target-size theory states that the probability of damage to

quiescent cells * is approximately proportional to the cell nuclear volume

per chromosome, allowing for small discrepancies due to other factors.

Specifically, it appears that the lethal dose in terms of energy absorbed

per chromosome is about 3.6 mev or 5.8 x 10-6 ergs. This relationship is

still tentative, but has been verified for species with very wide variations

in lethal dose, chromosome numbers and cell volume.6 Nuclear volume has

been found to correlate very closely in the species with average DNA con-

tent. 7 The latter may be the more fundamental variable.

Measurements of nuclear volume have been made for many plant species.

Although no strict correlation has been observed between nuclear volume

and taxonomic group, Sparrow and Schairer have noted that many species of

*Cells not actively dividing.
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gymnosperms (principally conifers) and monocotyledonous angiosperms have

nuclear volumes greater than 400#3 (ua 10-6 Inch), relatively few

dicotylae have such large nuclei.8 Deciduous trees and most economically

valuable plants except the grasses and cereal grains (Gramingae) are

dicotylae.

There are a number of other factors which must be taken into account

in order to refine the predictions made by this theory, of which the most

important are as follows:

1. Polvoloidv: Sometimes the chromosomes in the nucleus duplicate

themselves, but the cell does not split.* If the nucleus contains two

copies of each chromosome (the normal situation), it is called a diploid.

A cell with a single set is haploid. If more than two copies exist, it

is called polyploid. Polyploidy seems to somewhat increase radiation

resistance compared to diploidy.+ This is understandable in principle,

since damage to one of the chromosomes may not prevent the functions con-

trolled by that chromosome being carried out in the nucleus. The average

protective effect for eight pairs of polyploid species differing by a

factor of two in chromosome number is 1.67. 9 However, there are contra-

dictory results, particularly for polyploid strains of yeast and the

wasp, Habrobracon, at certain stages of development.
10

wThis process can be stimulated artificially using the biologically

active chemical colchicine. It Is of use in producing true-breeding,
fertile hybrid species, for example.

+Haploidy is a special condition related to sporogenesis in plants
or zygogenesis in animals. The process of fertilization (in sexual
reproduction) results in haploid cells becoming diploid, with contri-
butions of one set of chromosomes from each parent.

(r
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2. Hitotic cycle (growth rate): Mitosis Is the ordinary process

of cell division involved in growth. The target-size theory is consistent

with the hypothesis that the shorter the mitotic cycle--the less time

between cell divisions--the smaller the probability of damage occurring during

the Interphase state (between successive reproductions) as a consequence

of a constant level of exposure. This is especially relevant in consider-

Ing the effects of low-level chronic radiation, where damage to the nucleus

can be correlated in some sense to the amount of energy which has been

absorbed by the nucleus during the interphase (resting) period. This

hypothesis has been tested on Pisum sativum (green pea) by using temper-

ature to control the duration of the mitotic cycle. It was found that

the percentage of cells--observed just prior to splitting (anaphase)--

having damaged chromosomes increased with cycle duration.1 Thus, other

things being equal, environmental factors which increase the rate of growth

or of recovery would also increase the probability of damage. However,

as a general rule, rapidly growing cells also have larger nuclei than

dormant or slow-growing cells. This may provide an explanation for the

otherwise contradictory empirical fact that rapidly growing cells are

more radiosensitive than slow growing ones which is the basis for the

use of radiation to destroy rapidly growing cancer cells.
12
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In addition to the factors mentioned above, the "fine structure"

of the nuclei may have some importance, e.g. the number and position of

centromeres* on the chromosomes; amount and distribution of heterochromatin.+

Similarly, the size and number of nucleoli (small granules inside the

nucleus, whose function is imperfectly understood) seem to influence

radiosensitivity slightly. 13 Variables not yet identified may also be

found to affect the issue. However evidence is piling up that these

factors in toto are of relatively minor significance compared to nuclear

volume--DNA content and chromosome number.

Sensitivities of Plants

It is important to note that the notion of radiosensitivity as

applied to complex urganisms is much less well-defined than as applied

to individual cells. For example, the concept of "lethal dose" is

extremely ambiguous in regard to many kinds of adult plants, seeds (and

even insects). Some irradiated powder-post beetles (Lyctu planicollis)

revived after three days of apparent death, and posed difficult problems

of judgment for the experimenters. 14  Trees defoliated as a result of

long-term chronic doses of radiation, and apparently dead, have been

*The centromeres are distinguishable during mitosis (as the daughter-

chromosomes--chromatids--migrate to opposite poles of the "spindle" during
anaphase), as the parts which start first and lead the way.

+Chromatin is the chromosome-substance in the cell nucleus. It has

two components: euchromatin ("true" chromatin) which apparently carries
the genes, and heterochromatin, whose distinguishing characteristic is
that of being easily stained and made visible under a microscope.
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known to show signs of life when the radiation source was removed. It

is especially difficult to know the precise point at which an underground

root system ceases to be capable of vegetation regeneration.* All attempts

to tabulate data on plant radiosensitivities must be read and understood

in the light of these difficulties (both for the experimenter and the

tabulator) Sparrow and Woodwell 15 introduce the following graduated set

of responses:

TABLE 1-1

Pereentq. of te dAily doe msing 100 per cent niortality (LD.)
reqa.-ed s predwr wrio respolue in plmsu thromicolly exposed to cobalt-60

go~ism adiaon

Daily dose as
Number of percentage of

Responses species observed lethal doue-100

Normal appearance 14 less than I I
10 per cent growth reduction 23 26±2-5
Failure to set seed 8 31 ±5.5
50 per cent growth reduction 12 34 ±3.5
Pollen sterility (100 per cent) 4 41 ±4.5
Floral inhibition or abortion 21 44 ± 3.5
Growth inhibition (severe) 41 58 ±3.0
Lethal dose-50 17 75 ±2.5
Lethal dose-100 41 100

$Averages ( ± one standard error of the mean) based on data available
for various numbers of species indicated. Most species were herbaceous
annuals exposed for 8-12 weeks in the Brookhaven Gamma Field.

Ideally, subsequent compilations should use this or a similar format.

Unfortunately most of the available data is not easily translated into a

rationalized form. Moreover, not all of the labels (e.g. "inhibition,"

"severe inhibition," etc.) are precise enough to be understood in the

same way by different experimenters.

*Stumps of American chestnut trees "killed" by the chestnut blight 30
years ago sometimes still send up shoots--which are promptly blighted again.
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Radiation injury to plants takes various forms, depending on dose:

1. Early leaf-fall, late budding (prolongation of dormancy).

2. Decreased number of buds and leaves.* Growth is slowed or stopped.

3. Chlorosis (yellowing), shedding of needles, etc. Pollen sterile

or partly sterile, flowers deformed or non-existent. Patho-

logical disorganization of meristematic tissues (vascular

cambium, phellogen, etc.). Visible damage to chromosomes.

Enhanced mutation rate.

4. Death.

TABLE 1-2

STUDIES OF PARTICULAR TREES PUBLISHED TO DATE

(References)

Eascern white pine Pinus strobus (16, 22)
Pitch pine P. rigida (16, 17, 20)
Loblolly pine P. taeda (18)
White oak Quercus alba (19, 20, 21, 23)
Black oak Q. velutina (19, 20)
Scarlet oak Q.. coccinea (20, 21)
Bear oak Q. ilicifolia (20, 21)
Red oak Q. rubra (23)

Empirically, the rate at which the radiation is absorbed is extremely

significant. For example, Sparrow and Woodwell noted that the lethal dose

for Pinus strobus (eastern white pine), when subjected to an average of

20 roentgens per day for 15 months, was over 9,000 roentgens; while an

*Apical meristems (tips of twigs, etc.) are more sensitive than
lateral meristems. Heavily irradiated trees are likely to have leaf
clusters only near the trunk or the large branches.
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acute exposure of only 600 roentgens was fatal for seedlings irradiated

over a 16.5 hour period.
24

Germination of irradiated deciduous tree seeds, and growth of seed-

lings, has been studied by M. B. Heaslip at Morehead State College, Ky.

Some 18 species were covered, including three species of oak, three species

of maple, two species of elm, black walnut, shagbark hickory, white ash,

black locust, sycamore, sweetgum and several others. 25

Earlier results for many flowering plants and vegetables have been

summarized by Sparrow and Christensen (1953)26 and Sparrow and Gunckel

(1955).27 The more recent paper gives crude radiosensitivity data for

79 species, including broad bean, kidney bean, tomato, tobacco (5 spp.)

lettuce, onion, sweet clover, apple, peach and pumpkin. The others were

largely garden flowers, herbs and shrubs.

Work in the U.S.S.R. on germination of irradiated air dried seeds of

80-odd species of plants is summarized by Preobrazhenskaya and Timofeev-

Resovskii. 28 This article is of doubtful value for present purposes

since germination is an unreliable guide to actual sensitivity. The

authors themselves point out that seeds of the grass family (Gramineae)

will germinate after exposures to doses from 70 to 140 times greater than

the maximum which seeds can withstand and sprout under field conditions.

Sensitivities of Animals

In the case of chronic radiation, life shortening can be predicted

(in principle) by computing the cell replacement rates for various physio-

logical functions, and the cell-destruction rate due to the radiation.
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Since natural ageing is presumably a function of the degree to which cell

replacement falls to keep up with "demand," chronic Irradiation can be

thought of as an artificially stepped up ageing process. These considera-

tions have been used to predict effects on large mammals.29  The somatic

effects of radiation on humans is thoroughly discussed in the Effects of

Nuclear Weapons30 and the Report of the U.N. Scientific Committee on the

Effects of Atomic Radiation31 for the 17th session of the General Assembly.

Since these documents are widely available, we shall not cover the same

ground here.

Sensitivities of complex organisms to acute radiation are in some

sense determined by the weakest (most radiosensitive) component cells in

the organism. However, since death is usually delayed several weeks or

months (except for very massive doses) the organism's capability for

regenerating the damaged tissue must be taken into account. On the other

hand, a dosage which would not necessarily be fatal to an entire popula-

tion of some particular type of cell might be fatal to the organism as a

whole if enough of those cells are destroyed to impair a vital function.

The most sensitive part of the human organism, and presumably of most

other mammalian species, is the hematopoietic (blood-forming) tissue in

the bone marrow, without which the organism soon looses its ability to

defend itself against attacks by microbes. Death resulting from "radia-

tion disease" (of mammals) is usually due to a massive generalized para-

sitic infection of the whole body at once. However, in considering widely

dissimilar organisms, e.g. plants, insects, Invertebrates, etc., the

*The epithelial cells lining the intestines are the next most

sensitive group, followed by the central nervous system.
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mammalian example is not necessarily a good guide, and the Immediate

cause of radiation death is likely to vary from order to order, If not

from species to species. To date many of these detailed mechanisms have

not been widely studied.

In passing, we should point out that there are many factors which

can apparently alter the degree of susceptibility in mammals. The oxygen

level in the blood stream seems to be important. This suggests that a

lowered rate of metabolism (e.g. lowered body temperature) or a high

level of alcohol in the blood could offer some protection. Considerable

research is now in progress to determine whether susceptibility can be

substantially reduced by, means of various chemicals.32 Some 1200 com-

pounds had been tested by December 1961 in a major government-sponsored

effort directed by Walter Reed Army Institute of Research. As of that

time the heterocyclic mercaptoamines appeared most promising, particularly

0-nercaptoethylamine. Two-or three-fold protection without undue toxicity

has been demonstrated with laboratory animals. Moreover some post-exposure

treatment is also reportedly beneficial where pre-exposure protection has

been given, expecially at higher levels of irradiation. 33

Curiously enough there is some surprising evidence of a substantial

difference in radiosensitivity (for laboratory rats anesthetized with

sodium pentobarbital) between morning and night. Twenty animals (in four

different groups) given 900 roentgens at 9P.M. all died within 13 days,

whereas twenLy animals in four groups given the same dose at 9 A.M. were

all still alive and apparently healthy 130 days later.) 4
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Table 1-3

RADIATION SENSITIVITY OF HIGHER VERTEBRATES 35 36
TO ACUTE DOSES

LD /30 days
50

Species

Air dose(r.) Absorbed
dose (rads)

at midcenter

Dog------------------------- 281 244
Guinea pig--------------------337 400
Goat ------------------------- 350 237
Mouse-------------------------443 638
Swine-------------------------510 247
Poultry-----------------------800
Sheep-------------------------524 205
Rat -------------------------- 640 796
Burro-------------------------651 256
Monkey------------------------760 546
Rabbit-----------------------805 751
Cattl------------------------ 500
Man---------------------------450?
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In the case of Insects there is often a significant variation from

one stage of the insect's life cycle to the next. During the stages when

cells are rapidly differentiating, some insects seem to be sensitive to

instantaneous doses of a few hundred roentgens or less. However, resist-

ance increases very rapidly with maturity. Adult insects seem to be highly

insensitive, on the whole, mainly because there is practically no cell-

replacement. Instantaneous doses are again much more effective than cumu-

lative doses. Adult insects may, however, be sterilized by radiation sub-

stantially below the lethal dose. The well-known use of sterilized males

to eliminate the screw-worm fly, Callitroa hominivorax, from Curacao
37 is

a practical application of this fact. (Details are given in Table I-4.)

Shielding and $-Dose

No discussion of radiosensitivities can be complete without some men-

tion of P-sensitivity and the associated question of shielding. As will

be pointed out at several points in this report, the a-component of typical

fallout debris could contribute roughly a dose equivalent to approximately

40 times the Y-dose on any square centimeter of exposed surface. However,

even a few centimeters of air or a few millimeters of any solid (e.g. or-

ganic) material is sufficient to absorb or shield out most of the p-particles.

For small organisms such as insects, or exposed external tissues, the p-

component of fallout would probably be much more important than the

7-component, where direct contact with the fallout debris occurs.

In the case of plants, the crucial questions are how deeply buried

the sensitive meristematic tissues are, and to a somewhat lesser extent,

the protection afforded by the over-all configuration and life history of

the plant. For animals, similar questions must be considered, plus the

degree of natural shelter which the animal's habitual environment is likely

to afford. Thus plants may or may not reproduce vegetatively from root-

stock, the above-ground portion may or may not die back annually, etc.
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Similarly, animals may have habits which would tend to expose them to

O-radiation, or vice versa. These points are discussed in Chapter III.

Mutations

In using the term "sensitrvity" throughout the foregoing discussion

we have been referring to probability of injury or death. Radiation can

have other biologically significant effects, especially in regard to in-

ducing mutations, as has been demonstrated by numerous experiments on the

fruit fly, Drosophila, and other organisms.40 In recent work Sparrow and

Shairer have shown that frequency of mutation is correlated closely with

nuclear volume per chromosome.41 The importance of enhanced mutation

rates in connection withpossible outbreaks of fungal diseases, and other

pathogens is discussed in Chapter III.

Sensitivities of Ecosystems

Radiation sensitivity of complete ecosystems is an even less well-

defined notion. Studies of the effect of radioactive fallout on ecosystems

as a whole have been mostly ex post facto, e.g. observations made after a

nuclear test has taken place. The ambitious cooperative programs of the

University of Washington (with regard to nuclear testing in the Pacific)

and New Mexico Highlands University and Brigham Young University (in con-

junction with the testing in Nevada) are of this type. Similarly the ORNL

and Hanford programs are carried out in conjunction with disposal of radio-

active wastes. Such studies are well-suited for investigating food chains

and cycling of radio-nuclides, but inherently inappropriate for obtaining

quantitative data on ecosystem response to radiation.

Major programs suited for determining ecosystem sensitivity and

response are carried on at Brookhaven and Emory University, Georgia,



HI-243-RR 1-33

though small-scale studies exist elsewhere. Results are very sparse and

tentative, at present, but some are interesting and worth quoting. Such

information as is now available is not suitable for compact tabular pre-

sentation but reference will be made to the literature at various points

in the later chapters.

TABLE 1-5

STUDIES OF IRRADIATED ECOSYSTEMS

(References)

Nevada Test site (desert community) (42, 43)
Abandoned cornfield in Georgia (44)
Granite outcrop in Georgia (45)
Oak-pine forest in Georgia (46)
Oak-pine forest in Long Island (47, 48, 49)
Abandoned potato field ("old
field") in Long Island (49)

Coral attoll (Geqen) in Marshall- (50)
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4. Summary of Information of Radio-nuclide Cyclinq

The cycling processes which lead to the appearance of radioactive

nuclides such as Sr9o in the human food supply have been studied exten-

sively. The results of these studies have been summarized quite adequately

in the U.N. Report previously cited 3' as well as other documents.5 1 There

is no need to go over this material here.

The above studies do not throw much light on the effects of radio-

nuclide cycling elsewhere in the environment. The reason is that the

human food chain has been artificially simplified. In the United States

about a quarter of the food for human consumption comes directly from cul-

tivated plants and well over 90% of the remainder derives from domestic

animals fed largely (66%) on cultivated plant sources, the remainder being

natural pasture.52 Almost the only foods arising from more complex chains

are sea-foods and fresh water fish. 53 A negligible proportion of human

food arises from wild birds and game.

The U.N. study provides a fairly adequate picture of radio-nuclide

cycling in the simple one- and two-step chains which constitute the great

bulk of human food sources. Studies of the more complex chains, however,

are both more difficult and have received much less attention. In the

environment as a whole, however, the more complex chains are much more

important than the above (dietary) considerations would seem to indicate.

For example, in the following we shall emphasize the role of insects in

the environment. To date, radio-nuclide cycling in insect food chains

*By calories.
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hardly seems to have been studied at all." Yet such studies may be of

vital importance.

A purely hypothetical illustration may be worth making at this point.

In a postattack situation it is all too probable that two of the three

major controls on insect population explosions may be at least temporarily

missing; namely, insectivorous vertebrates (birds, bats, rodents, lizards,

etc.), and chemical insecticides.+ In this situation the importance of

insect predators would be enhanced. Now consider the pea aphid, a pest

which consistently destroys a substantial percentage of garden crops and

alfalfa all over the United States, despite the best continuing efforts

of the birds, the USDA and the farmers. An insect predator which devours

AA few related studies exist:
i.) Genetic studies based on feeding the isotope P 2 to induce

mutation (on the fruit fly Drosophila melanogaster and Drosophila virilis).
54

ii.) Studies of the distribution of P32 in wax moth, mealworm,
cockroach and firebrat.55

iii.) Genetic studies using P32 on the parasitic wasp Habrobracon.
(It was found thaL 60% of the P32 fed t9 females was incorporated into eggs,
leading to some degree of infertility.5o Studies have also been made of
Habrobracon reared on host larvae injected with Ca4 5 and Sr89 isotopes.
Both were incorporated in sperm57 but are not found in adult tissues.

iv.) 55 cological studies on the consequences of waste disposal
near Oak Ridge indicate that herbivorous insects accumulate CS13 7 (in
muscular tissue, mainly) to the extent of the contamination in their food,
but that Sr90 is somewhat discriminated against. Ecological studies of
aquatic systems in the vicinity of AEC installations also have followed
isotopes (mainly P?2) from algae into the fish and waterfowl food chains. 59

v.) Ecological studies using P32 as a tracer to untangle complex
food chains. 0

+This is based on the assumption that, in general, vertebrates are
far more sensitive to radiation than insects, and that in the postattack
chaos, either the manufacturing capacity for chemical insecticides of the
distribution capability may be seriously damaged.
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enormous quantities of aphids is the lady-beetle. Each lady-beetle will i

consume several hundred aphids in a normal life span, each of which, if

not eaten, is capable of parthenogenetically producing several more aphids

or laying hundreds of eggs within a few weeks. Now suppose, for purposes

of argument, that aphids have an affinity for radioisotope "V which is

concentrated by the aphids' metabolism in sub-lethal quantities. In the

normal course of events a lady-beetle feeding on aphids will therefore

ingest several hundred times as much radioisotope X as each of its prey.

Unless the isotope is passed very quickly out of the lady-beetle's syste;

(e.g. unless the isotope is discriminated against), or decays very rapidly

the lady-beetle may ingest a lethal quantity or, equally bad, it may in-

gest enough to sterilize its eggs. In either event, even if the intrinsic

resistance to radiation on the part of lady-beetle is higher than for

aphids (unlikely), the lady-beetle population runs a higher risk of

damage from radiation.

Since there are some two hundred radio-nuclides present in typical

fallout, some of which decay fairly slowly,* the possibilities for this

sort of biological concentration are very real. Moreover, since insects

have fairly similar metabolisms, there is some probability that if aphids

concentrate isotope X, then lady-beetles may also concentrate it. Hence,

for slowly decaying isotopes, the inherent likelihood of damage seems to

increase somewhat with trophic level. Thac is to say, the higher the posi-

tion in the food chain the higher the probability of ingesting dangerous

amounts of radioisotopes due to concentration by the previous steps in

the chain. Admittedly most of the radio-nuclides decay very fast even

*In this context "slowly" would mean having a half-life comparable
to or longer than the insects' life-span.
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compared to insect life cycles. Thus in many instances the effect of con-

centration is balanced or outweighed by the rapid decay. In such cases the

effect works in reverse: the prey get larger doses than the predators.

However, the important point is that biological concentration is more

likely to be important for insect predators with short life cycles than

for larger animals such as birds or fish with longer life cycles and much

slower feeding rates. Table 1-6 illustrates one case (P32 in an aquatic

food chain) where radioactive decay does balance and finally outweigh bio-

logical concentration.

Hypothetical examples of this sort just given could be constructed

almost at random. Yet at present there is little solid data applicable

to this subject. Information on the cycling of radioisotopes, particu-

larly among insect and invertebrate populations, is probably potentially

as important as data on individual radiosensitivities from the civil de-

fense point of view. Theoretical work done by Sparrow and others (see

§ 3 in this chapter) makes it possible to predict with reasonable success

(e.g. within 50% or so) the radiosensitivities of different orders and

species of plants and, to a lesser extent, insects in the early stages of

their life cycle. Much less theoretical work exists to provide explana-

tions of the movements of radioisotopes within complex food chains, although

mention should be made of the work of Bowen and others on mineral metabolism

in insects. 6 1 The h ndling of the basic data may require some special tech-

niques, perhaps analogous to the "input-output' analysis used in economics.

An interesting approach using analog computers has been developed at ORNL

by J.S. Olson.
62
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TABLE 1-6 63,64

Cycling of Radio-phosphorus in Aquatic Food Chain
(Columbia River, near Hanford)

Microcuries P32 per gram of P3I

water 25

plankton 25

sessile algae 25

sponge 20

caddis-fly larvae 17

snails 8

fish 5

crayfish 2

P32 half-life = 14 days
Materials were collected at different times, hence
comparisons are of dubious value. See below:

Time of peak radioactivity from

one iniection of P32 *

water 0 hours

plankton 10 "

sidewall algae 5-10 days

animals feeding on side wall algae 11-18

mud algae 15-25

sediment still increasing after 50 days

*For water having low initial P3 1 content, only 2-5% of P32 remains
after 30 days. For initial high P31 concentration, 80-90% of P32 remains
(allowing for decay).
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CHAPTER II

FOOD CHAINS IN THE HUMAN ECOSYSTEM

This chapter discusses the requirements and sources of various

elements, needed by humans, having a biological origin. The word "food"

is too narrow, strictly speaking, though most biological necessities are,

in fact, foods, and foods are the most necessary. (In deciding what is

necessary and what is not we rather arbitrarily include drugs, clothing,

and shelter only. Of these, clothing and shelter are deemed unlikely

to be problems.)

Section 61, then, is devoted to the possible effects of nuclear

attack on human nutrition.

Section 42 is primarily a discussion of the geographical distribu-

tion of various agricultural crops. Annex A contains maps indicating

the distribution of specific crops with transparent overlays showing

targets and fallout patterns for two possible attacks on the United

States.

Section 93 mentions certain quasi-artificial food sources (e.g.

super-simplified ecosystems) which have received attention in connection

with problems such as space travel. Possible implications for a post-

attack environment are discussed briefly.
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1. Nutritional Factors in a Postattack Environment

One of the penalties of being one of the more advanced products of

evolution is that man--as well as other animals--has lost the ability to

synthesize all of the chemicals which make up his protoplasm,and supply

energy for metabolism, from their most elemental forms, i.e., from simple

substances and sunlight. In the past 50 years, considerable research has

been devoted to isolating both the basic raw materials necessary in the

human metabolism and those more complex substances which must be supplied

essentially in a prefabricated form. These are classed as energy sources,

proteins (amino acids), vitamins, essential fatty acids (lipids), and

minerals. In a postattack environment the availability of each element

of nutrition would probably be affected in a different way.

A. Calories*

It cannot be stated categorically that food energy would be plentiful

in a postattack environment, but caloric shortages, if they did occur,

would probably be accompanied by much more severe shortages of other nutri-

tional elements. On the average, carbohydrates provide 4.1 Calories/gram;

fats, 9.5; and proteins, 5.7. Daily requirements range from 2000 to 5000,

depending on age, weight and activity. Energy content or Caloric value

of standard foods is well known, frequently tabulated and readily avail-

able. For this reason it tends to be somewhat overemphasized in many

popular discussions of nutrition. Indeed, there may be some justification

for this when the problem being considered is to supply a diet meeting

*To avoid confusion we follow the standard convention and define

I Calorie =1000 calories, when the (uncapitalized) calorie is the amount
of heat required to raise the temperature of a I gram of water I degree C.
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certain elementary requirements under special conditions for some limited

period of time. For example, there has been some discussion of the dietary

requirements of a man on an interplanetary journey through space where the

primary concern is to supply at least the minimum energy needs in compact

and relatively efficient form (see sectlon§3 of this chapter).

B. Proteins (Amino Acids)

Proteins are found in every living organism, in every part of the

body and are in fact in some sense the sine qua non of life. All proteins

which are ingested must be broken up by the digestive system into com-

ponent amino acids from which subsequent body proteins are constructed.

All of the common proteins found in plant and animal foodstuffs are con-

structed from approximately 25 basic amino acids. Many of the 25 amino

acids can be synthesized in the human body (listed in Table 11-1); al-

though some of these need additional supplements from the diet. The

eight "essential amino acids" which must be supplied from the diet are

given in Table 11-2. Ratios of these essential amino acids vary from

food to food, but in vegetable sources three amino acids, tryptophan,

lysine and methionine are consistently rare. In the most plausible

postattack source of supplemental dietary protein--brewers yeast--lysine

and tryptophan are supplied adequately but methionine (and cystine) are

not. Methionine is the common denominator for both of these cases and

might be a critical factor in posattack diets. Tables of amino acid

contents of common foods are supplied in all texts on nutrition, and

will not be reproduced here.
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TABLE 1i-I

Amino Acids Made by the Body

Glycine Tyros ine
Glutamic acid Cystine
Al anine Cysteine*
Prol ine Hydroxyglutamic acid
Hydroxyprol ine Norleucine
Aspartic acid Di-lodo-tyros ine
Serine Histidine+

Arg inine
+

TABLE 1I -2

Essential Amino Acids'
Daily Requirements

Value proposed tentatively Value which is
as minimum definitely a safe

Amino Acid grams per day intake grams per day

Tryptophan 0.25 0.50
Phenylalanine 1.0I oL 2.20
Lysine 0.80 1.60
Threonine 0.50 1.00
Valine 0 80 1.60
Methionine .10:1* 2.20
Leucine 1.10 2.20
Isoleucine 0.70 1.40

* Cystine and cysteine are closely related chemically. Cysteine is

very unstable and is easily oxidized to cystine. Both, along with
methionine, are sulfur-containing amino acids.

+ Histidine and arginine are essential for children.2

.1 On diet devoid of tyrosine. Presence of suitable amounts of
tyrosine may reduce the phenylalanine requirement by 70-75%.

: On diet devoid of cystine. Presence of suitable amounts of cystine
found to reduce by 80-89/ the amount of methionine required.

Note: The so called essential amino acids were distinguished experimentally
from the inessential ones by "nitrogen balance" only. An inessential amino
acid is defined as one which, when absent from the subject's diet, induces
no change in the state of the nitrogen balance. The mere fact that there
is no change in the nitrogen balance after an experimentally induceC amino
acid deficiency does not mean that the deficient amino acid was not an
"essentlil" one In some sense. 3
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C. Vitamins

Vitamins are, loosely speaking, chemical substances required by the

body in small quantities for normal functioning, which are not otherwise

classified (e.g. as amino acids or fatty acids). New candidates for

vitamins are at least tentatively proposed in the technical literature

every few months. Until such time as the human body chemistry is much

more thoroughly understood than it is at present, it will not be safe

to replace natural foods for any substantial period of time (say, six

months or longer) by artificial substitutes* for the simple reason that

the synthetic versions contain only those elements which are known and,

of course, leave out vitamins and chemical substances of importance

whose role in the metabolic process are not as yet understood. For a

list of the recommended daily vitamin requirements see Table 11-3.

(1) B-Complex vitamins

To a certain extent the B-complex vitamins can be synthesized by

intestinal bacteria. However, these symbiotic bacteria require para-

aminobenzoic acid (PABA) and possibly lactose and poly-unsaturated fat

for their own needs. They are susceptible to sulfa drugs as well as the

antibiotics, streptomycin, aureomycin and penicillin. Secondary results

of a thermonuclear war such as widespread radiation, lowered disease

resistance,and a breakdown of sanitation and public health controls,

might lead to epidemics of enteric diseases ranging from vague diarrheas

*Although this has been done successfully for rats in a laboratory
environment. However (i) much more is known about rat nutrition than
human nutrition, since rats are much easier to experiment on; (ii) rat
nutrition and human nutrition are emphatically not the same (for example;
rats do not require vitamin C); and (ii) the artificial diets are only

.known to be adequate for mn animal in a cage leading an "easy" life.
(This is an important remark.)
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TABLE 11-3

Recommended Average Daily Adult Vitamin Requirement

A 5000 USP Units or 1.5 mg.

D 400 USP units in pregnancy, childhood and
adolescence.

E 14-19 mg.; deficiency is not likely in a
"normal" diet due to widespread distribution
of vitamin E in foods.

C 75 mg.--optimal adult requirement.

B Complex:

8I (thiamin) 0.5 mg. per 1000 Calories.
B2 (riboflavin) 1.6 mg.
Niacin 15 mg. or 20-25 mg. if taking sulfa drugs.
B6 1.2 mg.*
Pantothenic acid Unknown, but probably less than 5 mg. (A

deficiency disease has not been identified
for man.)

Folic Acid Unknown, but probably less than 0.2 mg.
B12 Unknown, but probably less than I microgram+
Choline Less than 500 mg. (Diet usually furnishes

250-600 mg.)
Inositol Less than I gm. "safe" level of intake.
Biotin Unknown.
Para-aminobenzoic
acid (PABA) Unknown.

K Adult requirement not established. I mg.
daily during last month of pregnancy.

P Not established.

* In animals the B6 requirement is increased by methionine and by
sucrose in the diet; it is apparently reduced by choline, essential fatty
acids, biotin and pantothenic acid.

+ This amount will Induce remission of experimentally induced
pernicious anemia. B12 deficiency has been observed in long-standing
vegetarian diets. This has some relevance to possible post-attack
situations. A "normal" diet is estimated to contain 8-15 micrograms.
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and "intestinal flu" to bacillic dysentery and typhoid fever. These

diseases, or their treatments often interrupt the useful activities

of intestinal bacteria leading eventually to B-vitamin deficiencies

some of which would go unrecognized. The consequences for populations

weakened by radiation and under severe environmental stress may be very

serious.

In addition to the B-complex vitamins listed in Table 11-3, there

are several other possibilities being reported on in the literature,

for exAmple, lipoic or thioctic acid, vitamins 813, B14, and pangamic

acid (15). There are also possibly other B-vitamins called variously

antifatigue, antitoxic or antistress vitamins which appear to be un-

necessary under normal conditions or needed only in very small amounts

such as might be produced by bacteria in the intestines. However, under

conditions of stress such as produced by drugs, or chemicals, or infections,

pain, noise, fatigue, or other factors (including radiation sickness) these

vitamins, which seem to be present mainly ir, animal liver, might be ex-

tremely important. Davis 4 cities laboratory animals made to swim in ice

water. Fed normal diets, they lived only three to ten minutes; but when

given extra liver they survived immersions as long as two hours under

the same conditions!

Sulfonamides are chemically similar to PABA and are taken up by
bacteria in preference to it. Hence the value of sulfa drugs against
bacillary dysentery. (See also Chapter III.)
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(2) Vitamin A

Vitamin A is found in all green vegetables as well as many root crops

which may be safer to eat, and can be stored better than leafy vegetables.

Fish oils and seed oils are the major commercial source, and, given a

reasonable degree of social organization, fishing as an industry should

continue. Many comnmercial fish canneries are in relatively unpopulated

areas, e.g. Alaska, Maine, Samoa, Nova Scotia, etc. Critical situations

are most likely to arise, if at all, as a result of transportation or

distribution dreakdowns rather than basic shortages. The fact that

Vitamin A is easily stored in the body (mainly in fatty tissues) tends

to make short-term problems unlikely.

(3) Vitamin D

In a postattack situation where large numbers of people may be

confined indoors for long periods in order to minimize contact with

radioactive contamination, a vitamin D shortage is a real possibility.

Conmercial vitamin D cannot be synthesized artificially and is obtained

from yeast or from fish liver oils, although any animal liver is a good

source and any animal fat is likely to contain at least some. Vitamin A

and vitamin D are almost always sold together commercially, so the above

comments in regard to vitamin A apply largely to vitamin D also.

Exposure to ultra-violet light enables the normal adult body to

produce its own vitamin D supplies. Hence sunlight (or u-v) lamps

are the only real requirement for all except young children.

* By irradiating the component sterols with ultra-violet light.
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(4) Vitamin E

Among other functions (mostly not well understood) vitamin E is an

antioxidant which, in the body, protects vitamin A and other unsaturated

fatty acids against oxidative destruction. The liver of an animal de-

prived of vitamin E tends to be rapidly depleted of its Vitamin A content.

(However, a healthy individual with a good supply of stored vitamin A can

survive for up to two years without any additional vitamin A in the diet.)

The antioxidant property of vitamin E may protect red blood cells from

hydrogen peroxide, which is produced in the blood from water molecules

by ionizing radiation. However, despite this useful property vitamin E

appears to have no effect in mitigating the effects of radiation, at

least when the vitamin is supplied in excess doses. On the other hand,

it seems possible that a deficiency of vitamin E would degrade the body's

resistance to radiation.

(5) Vitamin C

Apart from its well-known antiscorbutic activity and other functions,

vitamin C seems to be particularly important in the production of phago-

cytes and antibodies. Since the principal result of radiation sickness

is degradation of the body's ability to fight infections by producing

antibodies, vitamin C would be of critical importance in a postattack

environment. Vitamin C is also a rather generalized anti-stress factor,

enabling the body to adjust to temperature extremes and other environ-

mental influences. Massive doses (up to 1000 mg.) are sometimes recom-

mended, though the scientific basis for this is thin, since the kidneys

rapidly remove excess vitamin C from the blood stream.
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(6) Vitamin K

This vitamin is essential in the production of prothrombin, which,

in turn, is required for the formation of fibrin, one of the constituents

of blood clots. In humans vitamin K is normally supplied by intestinal

bacteria, with the exception of newborn infants, whose intestines are

sterile. The principal cause of deficiency in adults is likely to be

prolonged treatment by antibiotics or possibly some other severe disturb-

ance in the intestinal tract.

D. Essential Fatty Acids

Only three of the many fatty acids are Lermed "essential" because

the body requires but does not synthesize them. These are linoleic acid,

linolenic acid and, to a certain extent, arachidonic acid. Linoleic acid

is the most important for dietary purposes, although to some extent it

can be substituted for by linolenic acid. Linoleic acid is found in

nuts, seeds, kernels of cereal grains and animal fats, especially liver

and other glands. Soybean oil, cottonseed oil, and corn oil contain up

to 50% linoleic acid (the "polyunsaturates" of modern dietary literature).

Since the most plausible postattack diet would depend heavily on whole

cereal grains (rather than refined flour, etc.) the ratio of unsaturated

to saturated fatty acids in the diet would probably be higher than at

present. In this respect, at least, the population would probably be

healthier than it is now.

E. Trace Minerals

As a general rule, minerals are taken up by plants in sufficient

quantities to supply human needs, providing the plants are grown in soil

containing the requisite minerals in the first place. Calcium and
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phosphorus, generally used together by the body, are primarily derived

from milk and dairy products--about 73% presently in the United States.

Calcium is important because the most dangerous long-lived component of

fallout, Sr90, is taken up by the body as a calcium surrogate. If calcium

is in short supply, more radio-strontium will be absorbed by the tissues

and incorporated into bones and teeth. Hence an adequate supply is impor-

tant while the normal sources are unavailable (e.g, contaminated forage).

If mineral supplements are supplied they shouldcontain calcium and phos-

phorus (e.g. manufactured from bone meal) as well as iron and iodine. Other

possibilities are to use iodized salt and reprocess limestone into a soluble

calcium powder. See Table 11-4 below for daily mineral requirements.

TABLE 11-45

Approximate % Minimum Recommended
of Adult Daily Daily

Element Human Body Requirement Intake

Calcium* 2.2 .55 gm/day 1.0 gm/day
Phosphorus+  1.2 .3 " .6
Potassium 0.35 1.5
Sulfur 0.25 .8 "

Chlorine 0.15 .8 "

Sodium 0.15 .2
Magnesium 0.05 .15
Iron 0.004 12** mg/day
Manganese 0.0003
Copper 0.00015 1 mg/day
Iodine 0.00004 .014 mg/day excess stored
Cobalt 1
Zinc I
Molybdenum I
Others of more doubtful status

* Estimates vary widely.

+ Percentage varies with that of calcium. Ca/P ratio is normally
just under 2.

1 Quantitative data seem insufficient for numerical expression here.

* Higher during pregnancy and lactation.
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F. Remarks

In speaking of dietary requirements, it should be understood that we

are not necessarily referring to the absolute minimum requirements for

physical survival. There is practically no evidence which would allow

one to define such a minimum. It is true that human beings may survive

(e.g. in a postattack environment) on diets which are extremely deficient.

Many of the symptoms of vitamin deficiency such as pellagra, rickets,

scurvy, beri-beri, and pernicious anemia are not in themselves fatal. In

general the results of shortages are, at first, a general weakening of

the organism (especially its ability to withstand environmental stress

and disease). As the deficiency continues, a chain of events is initiated

which ends in death if the supply is not renewed. To reverse the process

is not a simple matter. After a long-term shortage it is not possible to

build up the supply in the bloodstream and the cells to its optimum point

in a short time. Generally it takes months or years for the proper equi-

librium to be restored.

The most likely deficiencies in a postattack environment would be

the essential amino acids and the water soluble vitamins because these

two food elements must be restored almost daily.* The water soluble

vitamins (B-complex and C) are not only not retained in the human body

to any extent, but they are easily destroyed in stored foods by heat,

light or various enzymes.

*It should be clear that supplies of these vitamins are present at
all times in the body, and are not all used up in a single day. The
requirements spoken of are essentially the quantities which would be
required by the metabolism in a day without depleting the active supply
of "rotating inventory." In the case of vitamin C, for example, it has
been found experimentally that three or four months would have to pass
before the body's supply of vitamin C was reduced to zero, assuming no
special need for the vitamin arose during the interim.
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2. Sources of Important Substances of Biological Orialn*

The word "food," as it is used by ecologists, might logically be

stretched to include other necessities or inputs of the human ecosystem.

In the general sense of necessities for an organized society, one might

reasonably include shelter, clothing, medicine, and the biological raw

materials of industry. The extent to which any of these become critical

depends in detail upon the nature and severity of the postattack situation

being discussed. For example, much depends on whether cities and industry

survive or not.

A thorough analysis would involve factors well outside the scope of

biology. Exercising some restraint, therefore, we might include in the

"food chain" as necessities: fibers (cotton, flax, wool, etc.), forest

products (wood, paper pulp, turpentine, alcohol, etc.), and medicines

from biological sources (anti-biotics, steroids such as cortisone and

ACTH, insulin, etc.). Since forests perform the dual function of supply-

ing usable crops, and protecting watersheds and controlling erosion and

runoff, we discuss forests separately in Chapter IV rather than in this

chapter.

Fibers are unlikely to be in acute short supply in the short run,

due to tremendous existing supplies of clothing, paper, etc. Reprocess-

ing of existing supplies, if necessary, is not difficult. Moreoever,

there is a large margin between minimum fiber requirements and our- current

consumption which incorporates vast amounts of fiber used luxuriously or

wastefully.

Two general references for the topics covered in this section are
Postatlack Farm Problems prepared for the OCO by S anford Research Institute
(1962)0 and the U.S.D.A. Yearbook. Land. (1958).)
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Another class of products consists of biological substances not

native to the United States (imports). In this category are rubber, cork,

hemp, copra, rotenone and pyrethrins, opium derivatives, and many others.

A nuclear catastrophe of sufficient magnitude could conceivably effect

these sources of supply, but this question introduces many complex

extraneous issues.

The salient fact, revealed by Figure 11-1, is that a very small per-

centage of arable land in the United States is presently devoted to food

for domestic consumption (excluding feed for animals). Yet we shall see

that from this small slice of the land "pie" (about 8% of the land suit-

able for cultivation) from 1/2 to 2/3 of the basic (Calorie) requirements

of a minimal diet can be obtained. Consider the principal food crop, wheat.

So large is the production compared with domestic demand, that approximately

half of the output is available for export. Thus, in 1959, 1,126,000,000

bushels of wheat were harvested, and 510,000,000 bushels were exported--

46% of the total. 8 Disposition of the principal crops in 1959 is given in

Table 11-4. Varying percentages of each year's production are purchased by

the CommoLity Credit Corporation and put into storage. As of March 31, 1963

1,010,410,225 bushels of wheat were held in inventory by the government.9

It is estimated that this would be enough to feed the entire population of

the United States for at least a year. Table 11-5 gives the quantities of

meat, poultry, dairy products, and grain products consumer per capita by

Americans each year. A second column gives the number of pounds of feed

required to produce the amount of each animal product given in the first

column. A pound of feed in Table 11-5 is considered to be equivalent to one

pound of corn in feeding value. Roughly two-thirds of all the feed given

to animals is grain or related products derived from crop lands. The

remaining one-third comes from pasture and grazing land which could not be

conveniently used to grow crops for direct human consumption.
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TABLE 11-6

Quantities of Meat, Poultry, Dairy Produces, Grain Products
Consumed per Capita by Americans

1959 
8*

Civilian Consumption Equivalent
lbs. Per caDita (carcass wt.) Pounds of Feed+

Beef and Veal 81.4 870
Lamb and Mutton 4.8 715
Port (excluding lard) 67.6 383
Eggs 352 eggs 197
Chicken 28.9 166
Turkey 6.3 33
Total Milk Products 679.0 740
Fish 10.5

3104 (Total)

Direct Human Consumption of Various Commodities in lbs. per Capita:

Sugar 96.4 Wheat: as flour 120.0
Peanuts 4.7 as breakfast cereals 2.7
Potatoes 101.0 Rye: as flour 1.2
Sweet Potatoes 7.4 Total Corn Products 28.0
Dry edible Beans 7.7 (Includes corn meal,
Rice 5.2 syrup, corn starch,
Oats 3.5 corn sugar, breakfast
Barley 1.0 cereal, hominy)

TABLE 11-7

Feed Equivalence of Animal Products

Weight of Feed Required for 100-pound
Weight Gain

8

Chickens 573
Hogs 571
Beef Cattle 1068

(partly grazed, partly grain fed)
Sheep and Lambs 1490

(For each 100 pound live-weight
production, 18 pound of wool
was produced; grain feeds used
only for ewes)

Milk (100 lb.) 109
Eggs (100) 56

(Approx. 11 lb. wt. exc. shells)

Figures for 1961 altered somewhat; beef and veal 93.7 lbs.,
pork 62.2 lbs., eggs 325, etc.

+ Modification using Table 11-7.
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Suppose we ask how much of the crop land in the United States would

be required to supply a minimal diet based solely on grains and related

plant products. Civil defense studies such as the one recently completed

by the Hudson Institute have devoted some attention to the problem of

supplying elementary diets for limited periods. Here the basic consid-

eration is availability of supplies (in the form of stored surplus grains)

which are easily prepared, easily st ired and inexpensive. The diet pro-

posed by the Hudson Institute report consisted of 19 ounces of whole grain

wheat, steam-toasted; l ounces of dry skimmed milk powder; plus vitamin

tablets containing 5,000 USP units of vitamin A, 21milligrams of Thiamin

(vitamin 81), 21 milligrams of riboflavin (vitamin B2), 20 milligrams of

niacin, and 50 milligrams of citamin C. I

It would appear that a grain-based diet of approximately 24 ounces

per day, or l pounds per day per person, should be a reasonably conser-

vative estimate. This adds up to roughly 550 pounds per capita on a yearly

basis for a "Chinese-type" diet. This compares with current per capita

consumption of 3300 pounds of food or "feed equivalent": 162 pounds of

grain products directly, plus more than 120 pounds of other field and root

crops (excluding sugar), plus a feed-equivalent of 3,100 pounds (in the

form of animal products). In other words, Americans are today receiving

roughly half of their minimum dietary requirements directly from cereal

grains, field and root crops, and vegetables (not allowing for losses of

food-value due to special methods of cooking, preserving, or processing),

which account for only 8% of total plant protoplasm produced on farms.

The crops necessary to supply a total diet of this level can be

grown on perhaps 100 million acres (assuming current low-efficiency
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methods)," about one-sixth of the land presently considered suitable for

large scale agricultural purposes. It is clear that the situation

following an attack would have to be quite extreme before a serious over-

all food shortage would develop, provided it is still feasible to continue

mechanized agriculture.

*American agriculture is efficient in labor (and dollar) productivity;
it is inefficient in land-productivity (see Table 11-8). Should the price
of labor go down, still more land (perhaps 25-30%) could be brought under
cultivation.

TABLE 11-8
I1

Cultivated acres/person Calories per Cultivated
Acre per day

Canada 5.4 North America 2500

Australia 5.3 Western Europe 7500

Argentine 3.7 Latin America 4700

United States 2.7 4500

U.S.S.R. 2.6 2300

India 0.8 2500

Germany 0.4

China 0.3 (Asia) 4000

United Kingdom 0.3

Japan 0.2 13,200
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Crop Distribution12 Theoretically, and partly in practice, the dis-

tribution of crops is determined by maximizing the dollar-yield of each

acre of land. The dollar-yield of course depends upon the productivity of

the land in the chosen crop, the price of that crop and the cost of pro-

duction and distribution. Since price does not vary from area to area (if

transport costs and production costs are lumped together), the main factor

determining the farmer's choice of one crop over another (given the land

and labor he has to work with) is the ecological "fit." In other words,

the choice will be made in terms of which crop is best adapted to the soil

and climate (of the various marketable alternatives). This does not mean

that crops tend to be grown where they are best adapted. The best a farmer

can do is find the optimum crop for his farm, not the optimum conditions

for the chosen crop--which are generally not available. However, as a rule

the optimum crop for one farm is also the optimum crop for the other farms

nearby. Hence the principal crops are found in distinct regions, as can be

seen in the crop distribution maps in Annex A. Table 11-9 gives production

figures for selected crops comparing the world average with the area of

optimum ecological conditions.

TABLE 11-913

Net primary production
grams/sq. meter/day

World Area of Area of optimum
Averaqe Highest Yield ecological

Year round Growing season Year round Growing season conditions

Wheat 0.94 2.3 3.43 8.3 Netherlands

Oats o.98 2.4 2.54 6.2 Denmark

Corn 1.13 2.3 2.77 5.6 Illinois

Rice 1.36 2.7 3.95 8.0 Italy and Japan

Hay (U.S.) 1.15 2.3 2.58 5.2 California

Potatoes 1.10 2.6 2.31 5.6 Netherlands

Sugar cane 4.73 4.7 9.40 9.4 Hawaii
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Among the most critical of the'bther necessities" would be drugs.

A number of important hormones are obtained from animal glands (e.g.

thyroid extract, cortisone and ACTH, and insulin). If most livestock

were killed by a heavy thermonuclear attack there would be no substitute

for these. A small part of the population could be immediately affected,

(mainly diabetics).

Another important group of biologically derived drugs are the anti-

biotics, anti-toxins and vaccines. Here the danger is not so much to the

organisms which produce the drugs as to the capacity required.* Production

of vaccines also requires animals as intermediaries, e.g., cows for small-

pox, horses for tetanus, chick enbryos for polio, guinea pigs for diptheria,

etc. A glance at the fallout maps gives an indication of the vulnerability

of the U.S. drug industry.

kThe most important members of the current arsenal of anti-biotics
are the tetracyclines, chloramphenicol, (Chloromycetin), and erythromycin.
Total U.S. production of these comes from only eight plants located in
Brooklyn, N.Y., Pearl River (Rockland County), N.Y., Syracuse, N.Y.,
King of Prussia, Pa. (outside Philadelphia), Detroit, Michigan, Kalamazoo,
Michigan, Indianapolis, Indiana, and Chicago. The two chief producers of
vaccines (smallpox, tetanus, typhoid-paratyphoid, plague and cholera)
are in Indianapolis and Berkeley, California.

14
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Crop Sensitivities to Fallout Radiation

In section§3 of Chapter I some scattered material on basic radio-

sensitivities of plants was collected. It was pointed out that one of

the crucial questions which arises in this connection is the relative

degree of "exposure" of the various plants, especially to#-radiation, in-

asmuch as the latter is potentially very damaging to surface tissues.

Whereas the exposure of plants in a given locale is likely to more or less

uniform, determined by the local fallout density, thee-exposure will

depend very much on the configuration of the plant. Furthermore, in

evaluating the relative likelihood of radiation damage to the plant cover

as a whole, the life cycle of the plants must be taken into account.

Plants in North America are divided conveniently as follows:

Virtually all familiar forest evergreens belong to the family Pinaceae

of the order Coniferae. These are gymnosperms.

All of the following are angiosperms:

The most important food crops belong to grass family (Gramineae), of

the subclass monocotylae. These are non-woody, and may be annual or

perennial. Perennial grasses die back to ground level each season, and

grow from root-stock as well as seeds. This group includes corn, sugar-

cane, rice and all the cereal grains. All other food crops )f any conse-

quence belong to subclass dicotylae:

Next in order of importance are the legume family (Papilionaceae)

including dry beans of all kinds, peas, alfalfa, clover, vetch, etc. The

important ones are annuals.



11-22 HI-243-RR

The principal vegetable groups are the cabbage family (Cruciferae)

including cabbage, brussel sprouts, cauliflower, broccoli, kale, turnip

(all members of the genus Brassica); the melon family (cucurbitae) including

melons, cucumbers, squash, pumpkin, etc.; the lettuce family (Compositae)

including lettuce and artichoke, etc; the family (Umbelliferae) including

carrots, parsley, parsnip and celery; the family (Chenopodiaceae) including

spinach, chardbeets and sugar beets; the family (Solanaceae) including

the potato, tomato, tobacco and several plants of medical importance.*

Most plants in these groups are annuals or biennials.

Most temperate climate fruits and berries belong to the family

Rosaceae. These are mostly trees, except the berries which propogate

each year from roots. Citrus fruits belong to'the genus Citrus, family

Rutaceae. Grapes belong to the family Vitaceae.

Most deciduous forest trees (except conifers) belong to the families

Betulaceae (softwoods, including birch, alden, hazel, etc.). Fagaceae,

(hardwoods, including beech, oak, chestnut, etc.), the maple family

(Aceraceae) and the walnut-hickory family (Juglandaceae).

Note that virtually all of the economically important higher plants+

belong to only 16 families of the hundreds identified. Perhaps 5 families

could properly be called crucial. 1 Within each family there is a certain

degree of similarity. In some cases the similarity is on the generic level.

*This group of plants yields a number of alkaloids: atropine,
hyoscine, nicotine and digitalis among others.

+Excluding the tropics.

1possibly grasses, legumes, potatoes, conifers, and oak-beech hardwoods.
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It has been pointed out already (Chapter I section 13) that plants

in the first two categories, gymnosperms and monocots, tend (on a statis-

tical basis) to have larger nuclei than the dicots. The following

additional remarks can be made:

(i) Large woody species (e.g. trees) are likely to be relatively

less subject to damage from theA-component in fallout than smaller plants

with exposed meristems, due to the thickness of the protective outer layers

of tissue.

(ii) Plants having large surface area/volume ratios will be rela-

tively more susceptible to A-damage. In particular, the cross-sectional

area exposed to the zenith is important. Thus spiky, narrow-leaved plants

(e.g. grasses) offer less available surface than broad-leaved plants (e.g.

members of the cabbage family). Thick-leaved plents may be less suscep-

tible than thin-leaved plants. Downturned leaves or flowers are less

likely to catch and hold fallout material than upturned ones.

(iii) Consequences of I or 6damage to herbaceous perennials would

be temporary, since plants die back to the ground each season anyway.

Consequences to herbaceous annuals would be equally temporary provided

seed, labor, etc. were available for the following year's planting. In

the case of woody perennials damage would have more lasting results,

depending on the rate of growth.

Altogether, the relative likelihood of immediate and long-term

damage (assuming equal intrinsic sensitivity of the meristems*) for

various classes of plants would probably be:

*In the absence of real comparative data.
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TABLE 11-10

Rank Order of Likelihood of A-DamaSe

1. Broad leaves; Cabbage family
herbaceous Lettuce family Quite likely

Spinach-beet family
Melon family

2. Intermediate Potato-tomato family
leaves; Legumes Moderately likely
herbaceous

3. Narrow leaves; Carrot family
herbaceous Grasses

4. Broad leaves, Grapes
woody Fruit-nut Unlikely

Trees, deciduous Citrus
broad, irLer-
mediate leaves; Deciduous forest-types
woody (2 families)

5. Trees, evergreen Conifers 4
needles; Very unlikely
woody
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J3 Possible Simplified Postattack Ecostystems and Synthetic Sources.

Recent research, some of which has been directed towards consider-

ations relating to producing a self-supporting biological environment

which could be sent into outer space, but which might be equally applied

to shelters, or other restricted circumstances, has directed attention

to certain possibilities of closed ecosystems in which man and certain

other organisms are in equilibrium. These results are interesting insofar

as they indicate the limits of present day capabilities. We quote from

one description of such a system:
15

In this system one is presented, in so intimate a fashion
as to be aesthetically discouraging, a miniaturized version of
the events taking place in the macrocosm. Man eats food; food
residues--gaseous, fluid and solid-7are more or less converted
into plant food; plants grow and produce oxygen; man eats
plants and breathes oxygen; and so it goes.

The simplest system is to cultivate sofne simple green single-celled

algae such as Chlorella. Five pounds of the alga Chlorella pyrenoidosa

16
produces sufficient oxygen for a man. Algae range from 50-70% protein,

plus some vitamin A, B-complex, and a little C. Unfortunately algae are

generally hard to digest and also tend to be mildly deficient in the amino

acids, methionine and histidine, and grossly deficient in cystine.17 A

more important practical difficulty is that alga-culture is still in the

experimental stage.

Yeasts are an alternative food source. Like algae, they 3re approxi-

mately 50% protein by weight and very rich sources of all the B vitamins
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(but not vitamin A or C). Yeasts can be grown in aqueous solutions of

various organic sugars, particularly glucose and sucrose, which in turn

can be produced from starch or raw cellulose by a very easy chemical

process (e.g. boiling in dilute acid). Unfortunately yeast is also low

in the sulfur-containing amino acids (cystine and methionine).

It is possibly worth mentioning at this point that protein may be

obtainable in the future by cultivating micro-organisms in crude petro-

leum. 18 Oil companies searching for new markets have discovered that it

is possible to feed certain heavy, otherwise undesirable hydrocarbon

fractions to micro-organisms which will produce a concentrated protein.

In principle, it can be produced in enormous quantities at a very low

cost.
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ANNEX A

(to Chapter II 3)
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CHAPTER III

DISEASES AND PESTS IN THE HUMAN ECOSYSTEM

Section §1 covers diseases of humans and of the principal domestic

animals. These are treated together because many of the pathogenic organisms

are common to both groups. Consequences of a nuclear attack are examined in

regard to breakdown of public health standards, shortage of drugs, lowering

of resistance and mechanisms of disease propagation. Diseases are tabulated

in Annex 8.

Section §2 discusses plant diseases from the same point of view.

Differences of methods of treatment (control, not cure) are stressed, but

the basic considerations are similar.

Section f3 surveys insects (as pests, controls, pollinators and

disease vectors) with special consideration to probable radiation dosage

of species with different habits. Data on insects (in their various roles)

and insecticides is tabulated in Annex C.

Section #4 surveys vertebrates (as pests, disease vectors and insect

predators). The importance of season and habits in determining probable

radiation dose is emphasized. A short discussion of birds is ii,luded.

Section 95 completes the Chapter with a brief discussion of weeds

as pests.
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1. Diseases of Animals and Man

Diseases of man (and of animals) are caused by five types of organisms:

bacterial (including rickettsial), protozoal, viral, fungal and parasitic worms.

The latter are not micro-organisms, and their effects are debilitating but seldom

acute.* They are long-lived and generally do not complete their life-cycles in a

single host. Hence they do not multiply to any great extent in the human body

and propagation can be controlled easily by "cultural" methods, e.g. inspection

of food, sanitation, proper disposal of garbage. Diseases due to worms are very

unlikely to become a serious menace as a direct consequence of thermonuclear attack.

Fungi are not a serious cause of diseases of animals or man. Less than 50

of the thousands of known species are capable of invading animals or man, and less

than a dozen can cause fatal infections. The most common of these is Actinomyces

bovis (nevertheless very rare). I Only one group, the dermatophytes (which cause

skin diseases such as ring-worm) can be spread from animal to man or man to man.

These infections, while persistent and hard to get rid of, are not usually serious.

Under hot, humid shelter conditions fungus diseases of the skin could spread

rapidly and become a serious annoyance.

The remaining diseases, bacterial, protozoal and viral, may have epidemic

possibilities which could be influenced by conditions following a nuclear attack.

To the extent that these diseases are, or may be, acute they must be considered

carefully. Micro-organism populations will not, in general, be affected directly

by levels of radiat'.-n which would leave any survivors among higher plants and

animals.+ Moreover any fluctuations arising from differential radio-sensitivities

would be so rapid, due to the very short reproductive cycle of the organisms, that

the effects would be averaged out in the time scale of macroscopic ecological events.

*With some notable exceptions, e.g. trichinosis

+Critical doses are of the order of 106 rads.
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The critical factors will be lowered disease resistance on the part of

animals and man, and mechanisms of propagation. Resistance to disease is

a function of general health and the availability of specific antidotes,

either internally or externally supplied. Propagation depends on the

existence of foci of infection (sick individuals) and carriers.

(i) General health will be affected directly by contact with radiation,

both from external sources and ingested via the food and water. Radiation

sickness weakens the disease-fighting capability of the body by destroying

the cells which manufacture white blood corpuscles. Other injuries (e.g. burns)

also cut resistance to ancillary infection. Inadequate diet has similar

consequences (especially if vitamin C is in short supply).

(ii) Medicines, anti-biotics, anti-toxins, vaccines etc. supplement or

increase the natural resistance of the body. Some or all of these might

themselves be unavailable after an attack, due to destruction of stored

supplies, manufacturing capacity (and natural sources), and distribution

capability,--in conjunction with sharply rising requirements.

(iii) Foci of infection of many serious diseases exist at present in North

America, but generally they are quite rare. This fortunate fact argues

that epidemics would take some time to get established in a post-attack

environment--during which period precautionary measures could be taken

and society could get "on its feet" again. However there are two nasty

caveats:

a) Hospitals themselves would be overloaded with the worst cases of

radiation sickness, burns, etc. Hospitals also are endemic sources of

infection (especially Staohvlococcl) due to the constant presence
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of sick patients. Food supplies, bed linen, tableware, sanitation

gear, etc. are difficult to keep sterile even in normal times. In

a postattack environment many diseases could spread like wildfire

through hospitals, eventually infecting outsiders (released

patients, employees, visitors) and the general population.

b) Biological warfare might be combined with a nuclear attack.

(iv) Carriers are involved in the spread of most serious diseases. Trans-

mission may be direct from sick to healthy individuals, but very often an

intermediary is involved. These carriers are usually insects, sometimes

with other intermediaries as well (e.g. rats).

Principal infectious diseases of man are tabulated in Tables ill-I

through 111-4 found in Annex B which logically follows at this point.

General sources of information on human and animal diseases are listed

as references 1-5.

Diseases likely to be of particular concern in hospitals crowded

with people suffering from radiation sickness appear to be diphtheria,

pneumonia, scarlet fever, and infectious hepatitis.

In crowded conditions outside hospitals typhoid could be a very

serious threat. There are still about 2,000 typhoid carriers in New York

State, for example. If public health measures should break down, an

epidemic could occur very quickly. A recent outbreak in Zermatt,

Switzerland illustrates this possibility. Over 300 cases developed,

apparently as a result of seopage of sewage into drinking water conduits.
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Typhoid can only be treated with very sophisticated anti-biotics

(tetracyclines, erythromycin) which might be unavailable (see Chapter

II, Section§l). Bacillic dysentery could also become a problem. It

responds to similar treatments, but sulfa drugs are preferred.

Murine typhusta Rickettsial diseaseis endemic in rodent populations

in the U.S. and is transmitted by fleas. The historic scourge, however,

is louse-borne typhus. Drugs do not help much against the Rickettsiae.

The best control yet developed is de-lousing by means of DDT powder (if

available) and vaccination. Strains of lice resistant to DDT appeared

during the Korean war, but U.S. troops were protected somewhat by

vaccination. In an epidemic among unvaccinated British troops there was

a 32% mortality rate.* Rocky Mountain spotted fever, spread by ticks,

is a very similar disease which is widespread in the western U.S.

Tularemia (rabbit fever) and plague are closely related. Both

spread from animals, particularly rodents, via insects or direct contact.

"Sylvatic" plague is a form endemic among wild animals in the rural U.S.,

especially in the southwest, but it rarely spreads to humans. The

epidemic version of plague (bubonic or pneumonic) is spread by rats and

*Zinsser 7 makes an excellent case for his contention that typhus

has affected the outcome of a number of critical battles in history,
e.g. Napoleon's disastrous retreat from Moscow in 1812, and the Austrian
invasion of Serbia in 1914. In crowded conditions (military operations,
refugee camps, evacuations, etc.) measures to control lice may break
down, opening the door to typhus. In World War II, I10 DDT powder was
effective against lice, but since resistance has developed new techniques
would be needed.
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fleas.* The most effective treatment is a combination of streptomycin

and aureomycin (one of the tetracyclines); and some sulfa drugs are

helpful for the bubonic form only.

Cholera is spread by contaminated food and water, via the oral

route. The disease is much less serious if patients can be kept from

dehydrating; hence the mortality in epidemics where nursing is scanty.

Sulfa drugs help somewhat, but anti-biotics seem to be ineffective.

Smallpox, a virus disease, does not yield to anti-biotics, though

re-hydration and therapeutic measures may help. Vaccination, the standard

method of control, often wears off after a few years and much of the

population would be relatively unprotected If an epidemic should occur.+

Mortality among unvaccinated children is extremely high--about 80%.

Malaria is carried by mosquitoes of the genus Anopheles, several species

of which occur in the U.S. including one species known to be impli-

cated. The disease was formerly endemic but has been pushed south by

swamp drainage, public health, and other control measures. It could

return if, for example, insecticides became scarce and conditions chaotic.

Yellow fever is also thought of as a tropical disease, but its principal

carrier, the yellow fever mosquito, is common in the southern states.

*The most effective preventive measure against epidemic plague is
rodent control. A new rat-poison, warfarin, is a great improvement over
earlier poisons, being very slow-acting (hence relatively safe for use
in human habitations). It is an "anti-coagulant" which nullifies vitamin
K and causes the rat to die of internal hemorrhages. This poison is
only useful against a small, stable rat population, e.g. in a shelter or
granary, but there it is very effective. Supplies might be limited in a
postwar environment until manufacturing capacity for sophisticated chemicals
returned.

+Zlnsser Microbiology' estimates the figure at 75%.
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The same mosquito carries dengue (breakbone) fever, certain types of

encephalitis, and the roundworms which cause elephantiasis. Any of these

could flare up given a focus of infection and a relaxation of controls.

Malaria symptoms can be alleviated (if not cured) by quinine and several

related compounds. The only control for yellow fever is vaccination.

Once the disease has been contracted little can be done (mortality can

be very high: up to 80% in severe epidemics, though usually in the 405

range).

The worst carriers of human disease are certainly mosquitoes, followed

by flies, lice, ticks, and fleas. Other arthropods (e.g. cockroaches,

mites, chiggers, bedbugs, etc.) may occasionally act as infective agents

but are seldom important. As alternate disease hosts, rats are frequently

definitely implicated, and livestock, dogs and birds occasionally.

Animal Diseases
4

There are only four domestic animals of substantial importance in

the human ecosystem in the United States, namely cattle, swine, sheep,

and poultry. All are sources of food or fiber. Horses and mules have

been almost completely replaced by motorized vehicles. Cats and dogs

usually function only as pets,* seldom being used as protection, for

catching rodents, etc.

Wild animals interact with man in a more indirect way. Fresh water

fish are a minor source of food. Ocean fauna are more important, especially

*Seeing-eye dogs are a special problem, but would accompany their
owners and rarely pose serious veterinary or dietary problems. Dogs
also have some Importance in sheep and cattle ranching in the U.S.
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in certain coastal regions, but the ecological relationships involved are

extremely complex (and probably several orders of magnitude less critical)

than dry-land problems arising as a result of nuclear attack. Hence we

shall not d;scuss them. Wild birds and small Insectivorous vertebrates

are an impori'ant factor in dry-land ecology. Wild herbivores (deer, rats,

rabbits, etc.) are only important insofar as they are competitors for

plant food or reservoirs of disease. By and large diseases of wild animals

cover too large a range of possibilities and affect man too indirectly to

attempt to analyze them here.

In regard to domestic animals, disease treatment and prevention

methods are generally similar to methods used for humans, e.g. clean food

and water, insect control, improved diet, etc. There are three major

differences:

(i.) Animals can be bred, deliberately, to develop disease

resistant strains. This is usually a secondary objective for stock

breeders, however.

(ii.) Diseases can be eliminated by destruction of sick animals.

This was done and is being done for a number of diseases, e.g. hoof-and

mouth disease, bovine TB, pleuropneumonia (of cattle), dourine and

glanders (of horses), hog cholera, rabies, brucellosis, and others.

(iiI.) Animals are unable to obtain medical aid at the first onset

of the disease, but must wait until symptoms are obvious to an observer.

Points (i.) and (ii.) operate in favor of effective disease control.

Point (ili.) operates against it, but this can be mitigated by alert,

trained veterinarians and farmers, and regular health inspections.

Diseases may be transmitted through a whole herd (in a bad outbreak),
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as a result of direct contacts between animals, but transmission

from herd to herd or farm to farm is inhibited by the relative isolation

of the various groups of animals from one another. This factor does not

help as much against diseases borne by mobile insects, however.

A thermonuclear attack would influence the spread of diseases among

animals by causing a lowering of disease-resistance, by inhibiting

treatment and control, and by affecting mechanisms of propagation. As

with humans, general health of animals will be affected by radiation,

both external and ingested. Since all the domestic animals are herbivorous,

there may be a serious problem of supplying uncontaminated or decontami-

nated feed. To the extent that stored grain supplies are required for

direct human consumption, they would be unavailable for animals. If the

attack is severe enough so that food is a limiting factor, animals become

competitors for the basic supply of plant foods. The rational procedure

in such circumstances would be to slaughter weakened or diseased animals,

saving the limited supplies of feed, medicines, etc. for the remainder

which would be used as breeding-stock when conditions permit. Farmers and

ranchers would probably be reluctant to carry out this drastic program,

even if they had the necessary facilities, unless preattack and postattack

educational programs were Instituted.

Supplies of medicines, anti-toxins, vaccines, etc. would be limited.

However, since domestic animals will tend to receive radiation doses

roughly in accordance with the prevailing outside level, any major attack

would probably reduce the livestock population approximately in proportion
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to the over-all severity of the attack and the resulting damage to Industry

and transportation. If general food shortages and sporadic outbreaks of

animal disease led tQ further slaughtering and reduction of herds, the

available supplies of biologicals might be adequate for the needs of the

remaining animals.

Disposal of carcasses slaughtered or killed animals could be a serious

problem. To the extent that it was impossible or inadvisable (due to

residual radio-activity) to bury or burn all of them, breeding grounds for

many disease organisms and insects (particularly flies) would be available.

Very large populations of some species would be built up. The consequences

seem more likely to be in the nature of a general health hazard, however,

rather than a danger of breeding specific epidemic diseases, since the

organisms causing disease in live animals generally perish with the host.

This should be studied in more detail, however. For example, the spore-

forming bacteria Bacillus anthracis producing anthrax (one of the most

widespread and dangerous diseases both of animals and man) retain their

viability for many years in soil, water, or elsewhere, even under extreme

conditions of temperature and humidity, although they do not multiply

rapidly except in the blood stream of a warm-blooded animal.
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02. Diseases of Plants
8

Diseases of plants are generally caused by bacteria, viruses, fungi,

and helminthes or nematodes. Because of complicated life histories, slow

breeding rates, and lack of mobility, helminthes (worms) do not seem likely

to become a more serious menace than at present as a result of the effects

of a nuclear attack. Hence we shall concentrate on the other types of

disease.

The factors which determine vulnerability of hosts and rate of spread

of plant diseases are:

(i) the inherent resistance of the plant

(ii) the nature of the pathogenic organism

(iii) the environmental conditions

Items (i) and Qi) could be Important if mutations induced by wide-

spread radioactivity increase the rate at which virulent strains of patho-

gens evolve. The extent to which this "mutation" factor is important

depends on how much reliance is placed on cross-breeding to obtain immunity

to disease. In the case of plants, particularly cereal grains, the develop-

ment of hybrid varieties of plants is in a neck-and-neck race with the

natural evolution of dangerous new strains of pathogens. Thermonuclear

war could conceivably upset this equilibrium by increasing the rate of

mutation, while inhibiting the production of new hybrid species. However,

the evidence in favor of the above is merely presumptive at present,

since the exact role of mutations in evolution has not been established.

The foregoing considerations would appear to apply (if at all) to

plant diseases much more than animal or human diseases, in proportion to

the relative importance of eugenics. Humans do not practice eugenics to
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any extent at all, and stock-breeders breed mainly for qualities such as

milk or egg productivity, rather than for disease immunity. Vaccinations

and innoculations serve a useful function for farm animals and humans,

but would be uneconomic to use-on plants (except orchard trees). Differ-

ences in methods of control and treatment between plants and animals are

a function of the difference in value of the individual units.

The environmental conditions, item (iii) above, are the most subject

to change as a result of thermonuclear attack. These changes may be of

several kinds:

First, an attack is likely to influence methods of cultivation,

availability of fertilizers, fuel, pesticides, etc:

Second, an attack may cause changes in the weather, which in turn

influences vulnerability to infection both directly and indirectly. The

indirect effects touch on the actions of disease propagators (insects,

wind, etc.) mentioned below.

Third, an attack may alter the mechanisms which spread the disease.

The first point covers a multitude of possible complications. We

can hardly do more than indicate a few of the possibilities.

Fertilizers.9 Plants, like animals, are subject to deficiency

diseases. For example, lack of boron inhibits growth of roots and tops.

Shortage of calcium causes breakdown of meristematic tissue (growing

points). Copper deficiency causes dieback (exanthema) of citrus trees

and other fruit trees, malformations of seed heads and withering of

young leaves on cereal grain plants, and poor growth of lettuce and onions.

Chlorosis (yellowing) due to iron shortages occurs in deciduous trees and
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pineapples; lack of magnesium can produce this effect on tobacco, corn,

citrus and apple trees. Manganese deficiency causes chlorosis and necrosis

of tomatoes, oats, snap-beans, tobacco, etc. Molybdenum shortage causes

whiptail disease of cauliflowers, and various diseases of tobacco,

tomatoes, and legumes. Too little or too much nitrogen leads to numerous

symptoms in a variety of plants.

Several diseases caused by pathogenic organisms occur primarily

where mineral deficiencies (or excesses) exist in the soil. Among them

are wheat root-rot, take-all disease of wheat, powdery mildew and rusts

of cereals, Texas root-rot and fusarium wilt of cotton, club-root of

cabbage, common scab of potatoes and seedling diseases of sugar beets.

To the extent that fertilizers are unavailable as a result of nuclear

attack, many of the foregoing can be expected as a consequence.

Fuel. There is reason to believe that gasoline for running farm

machinery is not likely to be one of the most critical factors in a post-

attack situation* due to wide distribution of oil wells throughout most

farming regions, and the relative simplicity of producing low grade

tractor fuel.1 0 However, if shortages do occur (e.g. in Iowa, where

there are no oil wells) such operations as deep plowing of legumes,

mechanical weed-control, rapid harvesting, etc. would be curtailed,

inhibiting cultural methods of disease control such as plowing under

stubble.

*This point is definitely controversial. Also, there is the possi-
bility of a deliberate or semi-deliberate attack on oil fields and
refineries, which would alter the situation drastically.
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Pesticides. Fungicides and herbicides are used directly in disease

control. The former are used at times on almost every kind of crop. The

latter (mainly 2-4D) are used primarily to destroy weeds (e.g. in hedge-

rows, ditches, etc.) which act as breeding grounds for disease carrying

insects or as alternate hosts for some fungi. One example is the black

stem rust fungus Puccinia graminis which (in the north) must over-winter

on the leaves of the barberry plant.

The second possible influence of thermonuclear attack, e.g. on the

weather, will be discussed at more length in the next Chapter (IV). Here

we shall simply indicate some of the numerous interactions between climate

and plant diseases. Many bacterial plant diseases thrive in warm weather,

while fungal diseases typically prefer cool damp weather. However, the

resistance of the plant-hosts is also temperature dependent. Crops grow

best where the climate is optimal for them and least encouraging to their

pathogens. Thus corn is most resistant to blight at soil temperatures

above 750 F, while wheat has maximum resistance at 540 F. A change in

the meso-climate, e.g. a shift of several hundred miles north or south

in the (seasonal-average) soil-temperature, isotherms, could result in

drastic increases in vulnerability of many crops to diseases. It should

be noted that in the midwestern U.S. a change of 10 C. in average tempera-

ture would cause the boundaries of regions climactically suitable for a

given crop to shift approximately 100 miles north or south. A drop of

6 -70 C. (see Chapter IV) would be a very serious matter.

The pandemic of potato late blight (a fungal disease) in Ireland in

1845 and 1846--the cause of the disastrous famine and depopulation--

resulted from unusual weather conditions. This disease spreads with
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explosive speed when circumstances combine to produce a long period of

rainy or foggy cool weather early in the growing season. The appearance

of this combination two years in succession is especially dangerous

since there are mar overwintering spores of the fungi at the beginning

of the second season.

A severe outbreak of wheat stem rust is also likely to follow

extended damp cool spells in the southern wheat growing regions, moving

gradually north as the spores are spread by the wind, followed by hot

dry weather at the time when wheat kernels are forming on the blighted

plants. This occurred in 1935 and resulted in the loss of 25% of the

United States wheat crop, and 60O of the crop in North Dakota and

Minnesota.11 This bears on the third potential influence of a nuclear

attack, namely mechanisms of disease propagation.

Climate affects the spread of disease also insofar as it determines

the number of overwintering carriers (mainly insects). Normally harsh

cold during the winter will kill many of the temporary hosts. Inter-

actions with insects are discussed separately in the next section (13).

One consideration worth mentioning in connection with disease spread

has been suggested by Stonier.12 A large number of diseases and pests

move from south to north as the growing season progresses. The stem

rusts of wheat, mentioned above, are one example in which wind is the

primary carrier. Other diseases are carried by insects which winter in

the south and gradually move north as the year advances. Fallout patterns

following a nuclear attack would tend to run east-west, especially across

the Mississippi Valley and the great plains. The northern progress of
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insects and windblown spores would therefore be Interrupted at intervals

by swathes of fallout contaminated land. The consequences would depend

on the time of year. Consider two cases:

A. An attack before the crops had been planted would dump fallout

over fallow or ploughed fields. Farmers in contaminated areas would

probably not attempt to plant. Hence the fields would produce mostly

weeds, and grass from stray windblown seeds (or nothing at all, if the

fallout were heavy) and would act as "attenuators" of the northbound

disease vectors.

B. An attack after planting would find partly grown crops, which

would be weakened by radiation from fallout. Lack of attention by

farmers would subsequently result in further loss of over-all ability

to resist infection. The result might well be the reverse of case A,

e.g., the radioactive strips of weakened crops might "amplify" the

disease vectors, paving the way for a disastrous outbreak.
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S3. insects.

Insects* irract with the human environment in several ways, e.g.

as parasit domestic animals or on crops, as predators of other

insects, a: 11linating agents, and as carriers of disease. These inter-

actions are %f*or the most part, well known (at least qualitatively). We

shall there-46 forego any descriptive introduction, except regarding

the role oi?14"4ects as disease spreaders.

Table WI-5 shows the percentage of production losses cf crops due

to depredat;T - of insects, and diseases. For the most part ins,!cts are

the agency '4,whi.h these diseases are spread.

Annex "-'ibhich might logically follow Table 111-5, contains ex-

tensive tab 1 ions of the principal pests of crops (Table 111-6), live-

stock (Tablf '-7), and forests (Table 111-8), with data on habitats

and controls. ,ble 111-9 lists beneficial insects (predatory, parasitic,

and pollinati,_0, with cross-references indicating prey, crops benefitted,

etc. Tables ;it** I11-11, and 111-12 show insects as disease carriers

of viral, bactur P, and fungal plant diseases respectively. Inse:ts as

carriers of hunA and animal diseases have been covered in rabies Il1-1

through 111-4 0g , hex B. Further cross-referencing is provided by

Table 111-13, w; *lists the principal insecticides, fungicides and

herbicides, togetretej"th the pests against which they are normally used.

*We include s cm othe r small animals such as spiders, mites nd
ticks with the Insectlsp.
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TABLE 111-5

Production Losses of Crops (1942-51)13

Insects. (as pests) Disease Total

cotton 15% (bolIweevil 10.1%) 17.5% 32.5%

dry beans 11i.5%
e(earworm 1.2% )

corn 3.3% (E. borer 1.9%) 4.8% 8.1%
l(sw ,, 0.2%)

oats 0.6% (greenbug) 21.3% 22.9%

rice 5.9%
((stem sawfly 0.2%)

wheat 2.0%1 (H2ssian fly 0.9%) 6.6% 8.6%
(Greenbug 0.9%

soybeans (chinch bug) 8.35% 8.3%

peanuts 19. %

sugar beets 16.9 /

soybeans 12.5%

alfalfa (hay) 9.3% (pea aphid & 36 % 45.3/%
spittlebu) 27% bacteria)

f 6 ,,vues)

3 W°0 11vM ltodes)

alfalfa (seed) 35. % (lygus) % 44. %
(6% virus)
(3% nematodes)

14. % Florida /17. % Florida
citrus fruits 5. % California 3. % 8. % California

grapes 4. %
g (codling moth i1%

apples 14. % (maggot 3% 6. % 20. %

snap beans 9. % (Mex. bean beetle) 22. % 31. %

cabbage 8. %

lettuce 12. %

potatoes 15.6% 20.1% 35.7%

peas 2.4% (weevil) 23. % 25.A%
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Some comments on the synergistic interaction between insects and

pathogens will serve to illuminate the probable effects of a nuclear

attack. 14  It has already been mentioned that spores of some plant

diseases are spread by the wind. A few depend on birds or other agents.

The majority move from plant to plant via insects. However, the details

of the interrelationships are complex.

The simplest case is where the insects merely serve a mechanical

function, as a vehicle. The insect picks up spores or pollen (on its

feet or body) from a sick plant and deposits them on a healthy one,

more or less at random. Honeybees and other nectar-collectors are

often involved this way (e.g. in spreading fire blight of apples and

pears).

Sometimes the insect is specifically attracted to the diseased

plant by an attractive smell, but otherwise the interaction is mechanical.

Thus flies are attracted by a sugary substance produced by ergot (fungal)

disease of rye. In bome instances wind-blown spores must find openings,

such as insect bites, to grow on the new host.

More often insects are required simultaneously for both functions,

transportation and penetration of the outer skin of the plant. Many fUngal

diseases of trees gain entrance with bark beetles, for example, the Dutch

elm disease and the blue stain disease of pine trees.

A still more intimate relationship exists in some instances where

the insect serves as an alternate host (e.g. for overwintering: bacteria

Bacterium stewartif, causing wilt of sweet corn, winter in the bodies of

the corn flea beetle). The relation may be parasitic or even symbiotic
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If, for example, the bacteria supply vitamins or enzymes for the insect

host.

Some fungal diseases Involve sexual mating between spores of opposite

sexes. One case is the black stem rust of wheat, Puccinia craminis, which

winters on barberry leaves where a sexual mating must take place. This is

normally accomplished with the help of insects feeding on the leaves.

In the preceeding text and the two Annexes, B and C, we have indi-

cated a number of ways in which insects are important factors in the human

ecosystem. We now turn to the question of how a thermonuclear attack on

the U.S. might affect insects in these various roles. This question largely

reduces to a corollary: how would insect populations be likely to change?

Initially it can be taken for granted that populations of insects as

well as other animals will be reduced. Many insects will be killed by

fires. Others will die of radiation poisoning, particularly fertilized

eggs (with low sensitivity) which are exposed to fallout. A gamma radia-

tion level of 1000 roentgens/hr. would probably kill most eggs in this

stage of development (see table 1-3, Chapter I,§3). There is some slight

evidence that insects may be several times more sensitive to neutrons than

Y radiation as are higher animals (table 1-4). Also, insects are

apparently at least as sensitive to ? radiation. To the extent that they

come directly in contact with fallout.is radiation would be much more impor-

tant for insects thanTr radiation (the reverse of the situation for large

animals, due to the fact that the surfacepdose is typically as much as



111-20 HI-243-RR

forty times as great as the'y dose). Insects with hairy bodies such as

bees, moths, butterflies, etc., may also be inclined to pick up some fall-

out particles, as they do pollen, and carry them around externally.

Insects will also ingest fallout in their food, but the amount will

depend on their habits. Leaf chewers such as grasshoppers, crickets,

caterpillars, bean beetles, adult Japanese beetles, etc., are likely to

be most subject to this hazard. Juice-sucking insects such as aphids,

leaf-hoppers, and white flies will ingest less, due to discrimination

factors in the plant. Burrowing insects such as bark-oeetles, weevils,

maggots, worms, etc., are safest, from both external and internal doses.

Predatory insects such as praying mantids, lady-beetles, etc., will re-

ceive external doses comparable to those of their prey and will ingest

amounts proportional to the quantities retained in the tissues of the

prey. Insects spending their larval period underground will get much

smaller doses during the most sensitive stage of the life-cycle. In

terms of dosage received we would expect the order to be roughly as in

Table 111-15, with the largest over-all doses at the top. Dosage received

at an early stage in the life-cycle is weighted most heavily to take into

account the correspondingly higher sensitivity at that period.
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TABLE 111-15

PROBABLE DOSAGE SCALE (INSECTS)

1. caterpillars, (moths, flies, leaf-chewing larval stage.
bees, etc.*)

2. aphids, leaf-hoppers, scales, leaf-sucking larval stage.
spider mites

I. lady beetles, praying mantids, predators of above

lace-wings, spiders

2. parasitic wasps and flies parasites of above

3. mosquitos, mayflies, caddis fly aquatic larval stage

4. bollworms, borers, maggots, etc. eggs hatch on surface, larvae
later bore into fruit or plant

5. Japanese beetles, grasshoppers eggs and larvae buried in
bark beetles, wireworms, sweet earth or plant; adults
potato weevils, white grubs emerge.
(may beetle), etc.

Larvae fed on plant material such as pollen and nectar which
would probably be contaminated with fallout

The difference in accumulated dosage during the larval stage is pro-

bably of the order of 100-1 from top to bottom of the table. Differences

in sensitivity in the egg-larval stage from one species to the other are

probably less than this. Since gamma radiation of 1000 r/hr. corresponds

to # radiation of the order of 40,000 r/hr., insects exposed to the full

dose would by no means be Immune and a protection factor of iO0 is highly

significant. Thus differential radiosensitivities and differential dosages

will be critical.

One question which is important is whether the differentials are

likely to favor predators or prey (e.g. as between insects and their enemies
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or their food supply). One factor which bears on this is the cycling of

nuclides in the food chain from prey to predators (see Chapter I, § 4).

If the cycling results in concentration of some nuclides at a rate faster

than its radioactive decay, the cycling would favor the prey. By the

some token, if the concentration were slow, the predators would be favored.

During the early time of very rapid decay the predators would normally

receive smaller doses than the prey, even if biological concentration

were important, but at later times the situation might be reversed. Where

the isotopes are discriminated against (e.g. de-concentrated) the predators

would always receive a smaller dose. The actual effects, of course, depend

on the radiosensitivitles of the species.

Differential perturbations on an ecosystem can have complex rami-

fications. Populations are determined by a balance between several pressures,

one of which is "environmental hostility," including climate as well as

radiation. Climatic changes certainly influence insect survival. Many

insects, in particular, are killed by cold weather or hot dry weather or

wet weather. As a general rule, the wilder the oscillations, the fewer

Insects survive. To the extent that weather were influenced by a thermo-

nuclear attack (Chapter IV), insect populations would be affected.

Availability of food supply is another factor. Differential radio-

sensitivity is one of the determinants, of course. Thus, If. plants are

more sensitive than insects, they will soon be overwhelmed. Experiments

have shown that defoliation rate in an irradiated forest rises to 10 or

more times the normal rate, presumably because the trees are weakened and
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and produce fewer leaves, whereas the number of insects Is unchanged.
15

We shall return to this point in Chapter IV In regard to forests and

watersheds.

The agricultural activities of man are probably the strongest in-

fluence on food supply for insects. Whether fields are planted in grains

or grow up in weeds determines which insects will thrive in the area.

Whether insecticides and herbicides are applied, or not, is equally important.

Grazing and irrigation, also play a part. One of the worst potential pests,

the grasshopper, (which is near the bottom of Table 111-15) thrives in

arid marginal grasslands which tend to be overgrazed easily*. Grasshoppers,

themselves, once established, can overgraze the land quite efficiently.

Loss of irrigation water, in many dry areas in the west, could result in

grasshopper invasions--to name only one possibility. Another example of

how thermonuclear attack might result in sudden changes in the food

situation was described at the end of section 12, In connection with the

spread of plant diseases. Of course the interaction between insects and

disease can also operate in the other direction, e.g. diseases might wipe

out certain crops, resulting in starvation for the insects which depend on

them for food, or in otherways.

*Probably they prefer the local "micro-climate" e.., patches of bare
hot earth to lay eggs in, plus patches of vegetation to feed on.

+See Chapter IV, Section 62 and Annex D. Loss of power for pumping,
silting or flooding would be the most likely cause of difficulty, rather
than water shortage gjr se.
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4. Higher Vertebrates

Higher vertebrates interact with man in a number of ways, as do

insects. Two particular interactions are of especial interest:

(i) Higher vertebrates as insectivores

(1i) Higher vertebrates as competitors with man for a limited food
supply.

The discussion will be kept rather brief, as a consequence of two

salient facts: first, vertebrates are extremely sensitive to radiation

and second, they reproduce slowly (compared to insects). Therefore, on

the face of it, if radiation is widespread vertebrate populations will

drop more and recover much more slowly than insect populations.

There are, however, one or two caveats which should be appended to the

above. First, as was pointed out in section 63, some insects at least

will receive a much higher dose (because of close contact with S emit-

ting fallout debris)* which partially compensates for their higher average

radiation resistance and reproductive rate. Second, many vertebrates will

receive a considerable degree of protection, especially if the attack

should take place during the winter.

Bears, woodchucks, racoons. skunks, bats and marmots hibernate underground

or in caves during the months from October through March. This torpid or

comatose state reduces their radiosensitivity along with metabolic rate.

Others, such as squirrels live on stored food and do not forage. Cold-blooded

*Small vertebrates will also receive a higher proportionate dose
than large ones. Possibly more Important, corl3ct with Aemitters could
have debilitating specialized effects--e.g. bad burns on the feet or
snout, loss of hair, etc. It has been pointed outl9 that birds might
lose feathers, as a result of /burns, condemning them to starvation on
account of Inability to fly.
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insectivorous vertebrates such as snakes, toads, frogs and turtles also

find crannies or crevasses to hide in and go into a state of virtual

hibernation. Moles and water-voles do not hibernate but live in tunnels

underground which they seldom If ever leave at any time. Rats and shrews

either burrow or find man-made shelter (barns, haystacks, woodpiles,

granaries, etc.) during cold weather; shrews hunt mice as a change from

their summer diet of insects.*

Many of the insect-eating birds migrate during winter, but relatively

few species leave the continental U.S.; many winter along the Gulf Coast.

The woodpeckers and flickers are permanent residents as far north as

Washington, D.C. and San Francisco, but they normally live in holes or

excavations in trees and would have at least part-time protection.

Only deer, rabbits, and field mice, among the normal summer herbivo-

rous or insectivorous population remain in the open during winter, along

with the carnivores: coyotes, foxes, lynx, bobcats, weasels, etc. How-

ever, the smaller animals also spend much of their time in caves or

burrows.17

During approximately half of the year much of the insectivorous and

herbivorous vertebrate population would receive a considerable degree of

protection. In a cave or deep burrow the protection factor would be quite

high, of the order of 1O00.+ Even in a shallow hole or crevasse in the

rocks, or under several feet of snow a protection factor of 20 or so is

not unlikely. The protection factor varies widely from species to species,

of course. As in the case of insects, Table 111-16 lists them roughly in

order, starting with the animals likely to receive the highest radiation

dosage as a result of a winter attack:

*Shrews are Incredibly efficient at killing insects. A shrew consumes
8 times his body-weight each day and will starve in a few hours without food.

+For a burrow three feet deep, which is average except for mice.
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TABLE 111-16

PROBABLE DOSAGE SCALE (AwlMALS)

1. Deer, moose, elk, lynx, no shelter
bobcat,

2. rabbit, hare, fox, coyote, part-time in shelter
field mouse, weasel,

3. rat, shrew, woodpecker active, but sheltered

4. squirrel, vole, inactive, but sheltered

5. hibernating species; mole

6. migrating birds elsewhere.

After a heavy attack most of the population in categories (1) and (2)

would probably die. Many in categories (3) and (4) might die also. The

hibernating species; moles and migrating birds would be virtually unharmed

during the most dangerous period. As a result of the death of many of the

large herbivores and top carnivores there would (other things being equal*)

be a surplus of forage and few enemies for the smaller herbivores, which

incidently are capable of very rapid reproduction. One result of an attack

in November or December, with widespread fallout over wild lands, would

probably be a tremendous outbreak of rodents (possibly in the second year).

In this case, at least, the principal vertebrate insectivores would not

be seriously depleted; at least, not to an extent which could not quickly

be made up by natural reproductive capacity. For example. brown rats,

Rattus norvegicus, under ideal (laboratory) conditions, are capable of

multiplying by a factor of 221 in one year. 18

*Which, of course, they are not--but the point is clear.
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We note, therefore, that the loss of, all vertebrate Insectivores

(especially birds and shrews) would be a serious blow. But, for a part

of each year, over a large segment of the country, the birds, shrews,

etc. are likely to survive an attack in numbers large enough to be quite

effective against insects, whereas the rats would have little competition.

In summer, or in the southerly areas during the winter, on the other hand,

the shoe would probably be on the other foot and insects would be the

principal survivors.

The potentialities of rodents (in particular) for population explosion

are easily substantiated. In one typical area, northwest Texas, population

explosions of cotton rats and bobwhites (quail) have occurred simultane-

ously twice in the last 25 years: 1942 and 1958.19  In each case, the

explosion came because of a sudden increase in food supply as a result

of a sequence of events following recovery from a drought. When the favor-

able food situation ceases as a result of changes in the plant succession

rats, being better competitors, tend to drive the quail into less favorable

range (where many starve) and devastate the country.* Rat predators

(hawks, owls, lynx, etc.) may or may not affect the outcome (in 1943 they

did, in 1959 they did not).

*ln neither instance was sylvatic plague a factor in the eventual
extemination of the rats, or was It apparently transmitted to humans.
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Birds

A few remarks about birds as the principal vertebrate Insectivores,

may be worthwhile. Insects comprise 2/3 of the yearly diet of the common

land birds in North America.20. The exact insect species eaten by each

Individual bird depends on the season and the range. For example, robins

are known to eat insect larvae in the early spring and caterpillars, grass-

hoppers, bugs, spiders and various beetles during the rest of the year.

The other common insect-eating birds show the same lack of preference In

their diets with a few exceptions. As a rule, swallows, flycatchers and

swifts catch insects in the air; whereas, members of the thrush family

(robins, blue-birds and thrushes), and blackbirds consume ground-living

insects. Woodpeckers generally pick insects out of the bark of trees.

Flickers, although members of the woodpecker family, seem to prefer insects,

especially ants, found on the surface of the ground. Chickadees, crows,

starlings, jays and others live partly on insects and partly on seeds and

fruit. Pigeons, quail, pheasant and grouse are vegetarians. Hence these

birds tend to be permanent year-round residents. Except for woodpeckers,

most insect-eating birds must migrate, due to inadequate winter food

supply in the higher lattitudes.

No definite information exists on the relative importance of birds

In controlling insects especially in large outbreaks.21  It is known, of

course, that birds do eat large numbers of insects. Stonier quotes a

study of English sparrows in Salt Lake Valley, which suggested that one

brood of birds, during the 10 day period before leaving the nests, would

consume approximately 20,000 Insects (alfalfa weevil larvae or others of

equivalent bulk).22 There is some evidence that birds are attracted to
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areas where insects are plentiful, and are reduced in numbers where insects

are reduced, e.g. by spraying. For example a 10 year census of breeding

birds in a 20 acre lot in Massachusetts (1920-29) showed a substantial

reduction (about 45-505) in nests following 3 years of applications of

arsenic sprays to control the gypsy moth.23 The Importance of birds in

controlling or preventing large scale insect outbreaks is questionable.

There is a tradition that a severe 19th century outbreak of Morman crickets

in Utah was brought under control by gulls, though the explanation may lie

in a local concentration of gulls rather than large scale population con-

trol.2 4 The Engelmann spruce beetle epidemic in Colorado continued for

ten years, despite the efforts of woodpeckers which locally reduced beetle

populations from 45 to 98% compared with control populations. 2 5 (See

Appendix ii.)

It is a moot point, in many cases, whether birds do more harm than

good, even when they stick largely to insects. Since birds are rather

indiscriminate in selecting insect food, they often consume beneficial

insect predators, such as dragonflies and lady beetles, proportionately

as often as or more often than pests. Predator insects are frequently

larger and therefore more tempting than their prey. (On the other hand,

parasitic insects tend to be smaller and therefore less tempting to birds.)

Unfortunately little is known about these complex population interactions.

Fears regarding the ecological consequences of widespread destruction of

birds are based on little more than intuition. One predictable result

would be the relatively greater importance of large predaceous insects

(compared to small parasitic ones) in the ecological scheme of things.
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To the extent that birds eat seeds and fruit, it is frequently

assumed that they are a nuisance. In cultivated fields, this may be so,

but the same birds also eat seeds of undesirable plants (weeds) and the

real question is how the balance of the two would be affected if birds

were absent.

It would seem that birds would be affected to a great extent even

if an attack should occur in the winter. Fallout patterns Indicate that

an attack in the winter would affect many of the common birds who migrate

only as far south as Texas and the Gulf States as well as those who do

not migrate to any great extent and those who migrate south from Canada.

A summer attack would, of course, be hazardous for all of the land birds

not only because of the direct effects but because of tF1 contaminated

food supply.
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5. Plants as Pests (Weeds)

'Weeds' are plants of no positive value, or even a negative one.

In most cases they are transitory, being followed in the succession by

grasses or brush and finally trees, as the case may be. At times certain

vigorous species of nuisance plants, or weeds, have shown themselves capa-

ble of invading new territory on their own. For example, the prickly pear

cactis introduced into Australia accidently, spread over (and ruined) 60

million acres of grazing land by 1930. Similarly Klamath-weed or goatweed,

imported from Europe (where it was called St. Johns wort) invaded 2.5

million acres of rangeland in the U.S. by 1950. In each case the weed was

controlled by importing an insect from the weed's native habitat.*

There is no universal set of characteristics by which "weeds" can be

distinguished from crop plants, except that of being unwanted. Hence one

cannot analyze the effect of a thermonuclear war on weeds Per se except

for a simple minded remark: as a result of lack of cultivation weeds will
/

increase vis-a-vis crop plants. This is not due to any special character-

istics of weeds, however, but due to a characteristic of the cultivated

agricultural eco-system: namely, the system Is not in its natural equi-

librium state, but in an artificial one maintained by the farmer's efforts.

Without them the eco-system returns to its natural state, in which weeds

have at least a transitory role.

It can be argued that weeds have an advantage in a postattack envi-

ronment: weeds are nature's generalists, crop plants are specialists. 27

*An Argentinian moth, Cactoblastus cactorum brought to Australia in

1930, cut the prickly-pear infestation by 95% in 7 years. Two beetles
imported from southern France, Chrvsolina gemellata and C. hXvercli
between 1944 and 1948 had reduced the weeds by 99% in 1959 (to a stable
residual population).6
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Generalists are more adaptable than specialists to new situations, ergo

weeds take over. To the extent that this is true, it probably means that

there exist some weeds which will adapt to (almost) any particular new

situation, whereas a given crop plant may not. In other words, "weeds"

as a class are more adaptable than any particular species of plant. Still

another statement of the same basic truth is that if we change the eco-

system in some arbitrary fashion (e.g. by dumping a lot of radio-active

debris on it, etc.) those species which will be found to adapt best to

the new conditions will, in all probability be (i) different from the

species which are at present 'best' adapted and (ii) useless to humans

(hence "weeds").

D. S. Grosch 28 ha. pointed out that weeds may serve one useful

purpose in a postattack environment, namely as a disposable cover-crop.

A substantial percentage of the soluble radio-nuclides from fallout

might be incorporated in a weed crop which could subsequently be scraped

off or "harvested" for disposal.

The analysis of attack consequences cannot proceed further without

considering various species of w, eds, individually. The scope of the

present report precludes such detailed discussion here.



ANNEX 8

(to Chapter 111 111)
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CHAPTER IV

ABIOTIC FACTORS

Section 01 of this chapter discusses possible effects of thermo-

nuclear attack on the weather. Mention of the influence of weather on

other biological processes has been made elsewhere (Chapter III, sections,

42, 3, 4). The influence which forests may have on climate is emphasized.

Section 42 surveys factors influencing water and soil conservation,

again stressing the role of forests, mainly as ground insulators and

windbreaks. The connection between forests and runoff (which supplies

water for irrigation and other purposes) is pointed out. The importance

of runoff in terms of irrigation is explored in Annex D.

Section 3 attempts to present a unified picture of the importance

of forests, and the various mechanisms which could lead to serious forest

damage as a result of thermonuclear attack. The importance of fires is

stressed, since other types of damage (insects and diseases) have been

discussed earlier (Chapter III, Annex C). The ecological consequences

of forest fires are covered in Annex E.
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S1. Weather

Undoubtedly the most important abiotic factor in the environment is

the weather. There is little evidence, or trustworthy theory, on how a

large thermonuclear attack would influence the weather. Nevertheless the

subject cannot be dismissed, if for no other reason than that there are

many indications that the weather would be affected (somehow) by the

release of large amounts of ionizing radiation and quantities of dust,

such as a thermonuclear war would entail.

Some of the "causes"* of our weather are very subtle Indeed. For

example there is a compound cyclic variation in the solar constant (heat

produced) with one period of 40.8 months1 which corresponds to a cyclic

variation in the atmospheric potential gradient.2 A high probability

exists that the second is caused by the first or that the two have a

common cause, possibly related to ionization in the upper atmosphere. A

cyclic variation in ozone content of the air has been observed with a

periodicity of 9 2!3 years, which can be correlated with cycles in popu-

lations of tent caterpillars in New Jersey, New Brunswick salmon, Canadian

lynx, chinch bugs in Illinois and other animals. 3 It has been suggested

that one causal factor affecting populations of chinch bugs may be ultra-

violet radiation; the Insects multiply when ultraviolet light is weak and

decrease when it Is strong.4 Since ultraviolet light affects ozone pro-

duction In the atmosphere, a common cause may exist. Ozone is implicated

in some very tricky atmospheric chemical reactions, such as the one which

produces "smog." 5 It is one example of a small cause having great effects.

Pure ozone (03) is poisonous. A concentration of 5 parts per 107 causes

*Factors which show a positive correlation with weather fluctations.
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"weather fleck" Injury to tobacco leaves, for example. 6
Irving Krick, a well-known meteorologist who forecast the weather

for the Normandy Invasion, has gone on record6 with predictions of

drought in the Rocky Mountains and high plains states, followed by

unusually cold weather for the winter of 1962-63 as a result of last

year's high altitude nuclear testing and the consequent "lowering" of

the Van Allen belt. Krick has stated that: "This belt changes the

ozone distribution which drives the circumpolar wind system and any

disturbance of its normal equilibrium results in major changes in the

related barometric pressure and consequent wind distributions."1
7

Krick's prediction proved to be correct, but his explanation remains

in the realm of speculation.

Sunspots seem to influence the weather very much. The principal

sunspot cycle of 11 years is well established. Tchijewsky 8 correlates

this with epidemics of cholera, influenza and typhus, as well as other

phenomena. The causal connections are not fully known but have been

attributed to ionization in the atmosphere. In particular, the solar

spectrum has a larger ultra-violet component during spot maxima, which

in turn increases the rate of ozone production in the upper atmosphere

since u-v wavelengths less than 1850 Angstroms are strongly absorbed by

oxygen. The ozone, in turn, strongly absorbs infra-red radiation from

the earth and prevents it from being lost to space.9 Direct correlations

of sunspots with weather conditions have been Investigated extensively

by many people 10 and it is generally agreed that ionization In the

upper atmopshere is the basic link between them.
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Periods of heavy rainfall have recently been shown to correlate very

well with meteor showers,* when the earth passes through the asteroid belt

or the tail of a comet picking up large quantities of cosmic "dust" which

drifts slowly down through the atmosphere, eventually nucleating droplets

of condensed moi3 ture in regions of supercooled water vapor and forming

raindrops. The time of heaviest rainfall occurs 30 or 31 days after the

meteoric "seeding. 11 i The principles of artificial rainmaking are very

similar, based on innoculating supercooled air masses with millions of

tiny silver-iodide crystals on which the vapor starts to condense.+
12

The ability to stimulate condensation is not limited to special substances.

The Wilson Cloud Chamber operates on this principle; passage of any

ionized particle through a supercooled vapor leaves a chain of tiny drop-

lets by which the path can be observed. Perhaps the principal nucleating

agent for rain is common salt particles picked up from the oceans by

wind. 13 Nuclear debris in the troposphere could conceivably have this

effect." However the possibility has been considered and discounted, at

least as regards the effects of nuclear test explosions.15

Large volcanic eruptions may be responsible for periods of unusually

cold and wet weather, because of a similar mechanism. The huge Tomboro

*For example, peak rainfall periods in Tokyo have been shown to

correlate over a 300 year period not only with the dates, but also the
intensities of the Bielids meteor shower (which vary with a 6.5 year
periodicity). Observations have been made worldwide over shorter time
spans. The heaviest rainfall peaks of the entire year (September 10
to 24) correlate with the Perseids meteor shower, August 10-24.

+Because the silver-iodide crystal structure is similar to that
of ice at the cloud temperature.

-LApproximately 10-100 million tons of meteoric dust enter the top
of the earth's atmosphere annually, mostly micrometeorites. It is esti-
mated that a 2OMT ground burst would project 1 million tons of dust Into
the atmosphere.

14
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volcanic eruption 1815 (culmination of a series of major outbreaks, including

St. George, Etna, Soufrigre and Mayon) was followed by the "year without

a summer" in 1816 (New England) during which temperatures in July averaged

70 C. below normal. The three outstanding historic volcanic events have

been followed by exceptionally cold years.

A quite different mechaiism may be responsible for these observed

effects. Heating or cooling of the earth due to atmospheric dust depends,

first on whether the dust reflects solar radiation more or less efficiently

than the longer wavelength, infra-red radiation from earth, and second on

whether the two kinds of radiation are more or less likely to be scattered.

Typical volcanic dust absorbs and re-radiates the longer wavelengths better

than short (solar) ones, and would tend to heat the surface of the earth

slightly rather than cool it, similar to the influence of ozone. However,

very small volcanic dust particles (average 1.85 microns diameter--typical

of the measurements made on dust from Krakatau in 1883, Mont Pelt and Santa

Maria in 1902 and Katmai in 1912) also tend to reflect the short waves from

the sun while only slightly scattering the longer waves from the earth. The

ratio of wavelengths corresponding to maximum intensities is about 25:1

(between the sun's spectrum and the earth's) and the fine dust is approxi-

mately 30 times as effective at keeping solar radiation out as it is in

keeping terrestrial radiation in. Hence, compared to normal circumstances

the net result would be to cool the earth. This would hold roughly true

regardless of the source of the dust or its precise characteristics.

According to calculations, the net average temperature decrease (assuming

the dust remained long enough in the stratosphere for the system to reach

* 1816 also coincided with the so-called "Brueckner-cycle," with an
(average) 36 year period.16 From 1700 the cold-wet periods occurred in
1740-43, 1780-83, 1815-17, 1850-53 (which followed the Irish potato
famine of 1846-48), 1880-83 and 1920-24. It is interesting that of the
other "large" volcanic explosions in modern times, Asama,occurred in
1883 (see Appendix III). The coincidence of some, but not all, at the
Brueckner periods with excessive volcanic activity tends to obscure the

cause/effect relationships.
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equilibrium-) due to an amount: of atmospheric dust equal to that produced

by the Katmai explosion (which reduced the observed average intensity of

solar radiation 20%), would be 6-7' C. Depending on whether the particles

were assumed to be spherical, or flat (i.e., fragments of small glassy

bubbles) from 1/750 to 1/1500 of a cubic mile of such debr~s would be

sufficient to produce such an effect.
17

A further point is worthy of ncte: the foregoing calculations assumed

uniform conditions around the earth. However, the temperature is decreased

roughly in proportion to the number of particles intercepting the path of

the sun's rays. This is greater in high lattitudes where sunlight strikes

at an oblique angle. Hence the effect in equatorial regions would be less

than the average (6-70 C.) calculated, while near the poles it would be

greater. Hence north-south temperature gradients would be increased, re-

sulting in greater air circulation, higher winds, greater rainfall and snow-

fall, et. Taken together, the foregoing would appear to be the sort of

conditions required to initiate an ice age, which, once started, some have

argued, tends to be self-perpetuating.+

The sort of simplistic comparisions one can make between thermonuclear

bombs and volcanoes may be highly misleading. However, for whatever it

is worth, the following may give some not unreasonable orders of magnitude:

On the basis of energy release, Krakatau (Append>x Ill) appears to have

been roughly equivalent to l04 MT. According to rough calculations, 4 cubic

* The length of time required to approach thermal equilibriums depends
on the heat conductivity and thermal capacity of the earth's surface. The
relaxation time seems likely to be rather long (perhaps decades) compared
to the e-folding time of the dust layer. The latter can be calculated fairly
easi y from the information available (Rarticle ize, atmospheric density,
etc.) usingStokes' law. The calculated result is consistent with obser-
vations, e.g. 1-2 years.

+ Snow and ice are highly efficient reflectors of T9lar radiation, but
almost completely transparent to infra-red frequencies."' Hence the sun's
heat is reflected and kept out, while the earth's heat is transmitted and
lost. Thus further net cooling occurs.
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miles of material were expelled by this explosion, and the amount which

remained in the upper atmosphere" was probably at least as great as that

deposited by the later, but smaller, Katmai eruption (1912) which was

more Io5ly observed and which gave rise to a measured 20% (temporary)

decrease in solar radiation intensity but no long-lasting climatic effects.

For further comparison, the Tomboro eruption of 1815 which was roughly 6

times larger than Krakatau in terms of cubic volume of material expelled,

could have been the primary cause of the "year without a summer" in 1816.

Thus nuclear ground-bursts yielding somewhere on the order of 104 to 105

MT might possibly lead to noticeably lowered temperatures, world-wide,

with resulting poor harvests, etc...

The most widely discussed interaction between a possible nuclear

attack and the weather, however, is in regard to secondary effects,

especially the possible destruction of forests. The role of forests in

water and soil conservation is discussed in the following section (02).

The influence of forested regions on the weather, if such influence exists,

is through the water evaporation (transpiration) cycle.

Forests have a definite cooling effect on the earth. Temperatures

near the ground average 250 F. cooler than at the canopy level on a sunny

day, due to several mechanisms.

(i) Heat energy from sunlight is converted by photosynthesis into

chemical energy. Relatively little sunlight reaches the forest

floor, e.g. about 4%for a typical eastern deciduous climax

forest (the experimental forest at Rutgers University).

(ii) Little water is lost by runoff even during wet periods. Only

* Estimates have been hazarded of the actual amount of material put
into the stratosphere by several eruptions, including Krakatau (see
Appendix 1II), but such estimates appear to have been based on little or
no solid evidence. For Krakatau published figures range from 1/4 to I
cubic mile, but we believe them to be worthless.



HI-243-RR IV-7

1% of the rain strikes the forest floor directly. Water soaks

into organic material (e.g. the bark of trees, underbrush and

dead leaves, etc.) or is trapped by the roots in the soil.

Instead of escaping into rivers, lakes or ground water, it is

available for use in dry periods when it is evaporated (trans-

pired) from the surfaces of the leaves. This evaporation Is

the principal cooling mechanism (similar to perspiration for

humans). Humidity at the forest floor may be three times as

high as it is above the canopy (on a dry, warm day) as a result

of evaporation.

The destruction of forests as a result of thermonuclear attack would

cause (1) higher ground temperatures and (2) less evaporation, over wide

regions, since much of the water would run off on the surface after rains.

Opinions vary, as to whether this would affect the climate. Krick, 19

StonIer 20 and others believe that it v ould, citing changes from wooded

to desert country which have occurred in North Africa and elsewhere in

historic times. On the other hand J.E. McDonald, Chief Meteorologist of

the Institute of Atmospheric Physics, has stated a contrary opinion on

this question, arguing that only 10% of the rain which falls on this conti-

nent originally evaporated from the land surface.2 1 Furthermore in many

regions transpiration is not presently an important factor, i.e. in Utah

90% of the precipitation re-evaporates before it can be removed by runoff

(95% in summer, 85% In winter), regardless of vegetative cover.

In modern times there have been some attempts to carry out controlled

experiments to settle th. question (which considerably ante-dates the CD

controversy). One such experiment (in 1875) was carried out in central
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India in connection with a reforestation project, though the results un-

luckily turned out to be almost useless as a result of coincidental cli-

matic changes. A careful series of observations in Germany (1937) indi-

cated that about 6% of the rainfall on the Letzlinger heath is traceable

to the effects of reforestation.22 A less careful set of measurements

was made in the Congo (1934) which, however, gave more dramatic results:

namely, that in the virgin forest, rainfall was 30% higher, humidity

averaged 15% higher and temperature 1.5% lower than in surrounding un-

forested areas.
23

The fundamental question at issue seems to be whether a forest-less

area of wide extent would produce the sort of updrafts which lift moisture-

laden air into regions of low pressure where adiabatic cooling (and conden-

sation) will take place.24 (Mountain chains rising from sea-coasts illus- 4
trate the process.) There is no real agreement on this point at present,

although the weight of the evidence seems to point toward a modest, but

real, drop in total rainfall coupled with slightly higher temperatures.

§2. Water and Soil Conservation

Forests play a major role in water and soil conservation, which would

be disrupted if widespread destruction occurred. The question which arises

(and on which a controversy exists) is what the major effect would be.

It was pointed out in in section § I that loss of forests would cer-

tainly result in (1) higher soil temperatures and (2) less evaporation. A

corollary of point (2) is that water available for runoff would be corres-

pondingly greater. In fact in Utah, Texas, New Mexico and California, it

is standard practice to poison, uproot or burn stands of native chaparral,

and other woody brush, to facilitate the growth of range grasses. It is
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found by experience that the result is usually to increase the amount of

ground water available (the water-table rises), presumably because the

shallow-rooted grasses prevent surface evaporation more effectively than

brush but do not draw water up from deep below the surface in dry periods.

The well-known salt cedar, a brushy tree which grows along stream beds

and irrigation canals, is a particular offender.

It may be important to distinguish between the lower slopes and foot-

hills, and the upper slopes of the mountains, where grass does not grow

well. In the Western U.S. 85% of the water used for irrigation comes from

runoff from the higher slopes where pine, spruce and aspen are found.2 5

These slopes seem to be inherently more resistant to erosion; only 10% of

the silt accumulated in reservoirs comes from higher elevations. On the

lower foothills (pilion-juniper) the principal cause of erosion seems to

be overgrazing by livestock which reduces the ground covering of the

grasses.

Without taking into account secondary effects such as fires and

early melting of snowpack, the situation as seen by W. Criddle, Utah State

Water Engineer, is as follows:2
6

(i) Assuming pine-spruce-aspen forests at high elevations were

killed by radiation (see Chapter I, section § 3 for data on

radio-sensitivity of conifers) total runoff would increase but

the rate would not change significantly due to protection of

the ground by vegetative litter (pine needles, etc.).

(ii) Assuming pinon-junlper on lower slopes were killed but did not

burn, total runoff would again increase and the ground water

level would also be improved.
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Of course fire is a serious possibility, especially if large areas

of forests have been killed by radiation or beetle outbreaks facilitated

by radiation injuries. In densely forested areas such fires could be

extremely hot, destroying much of the organic ground litter and humus. In

less densely wooded regions fires would probably be more similar to the

brush fires which occur regularly after draughts. Criddle estimated that

runoff would again be increased in both cases, and that serious erosion

might also occur on the lower (piton-juniper) slopes.

Fires over semi-arid grassland and range would almost certainly be

more beneficial than harmful (biologically speaking). The Indians of the

Southwest formerly burned the prairie regularly, and fire is increasingly

being used again as a deliberate method of controlling the ecological

succession of the range. Fire favors grasses against competing woody

plants such as mesquite brush. Indeed, during the long period during which

grass fires have been more or less rigorously suppressed, mesquite has

spread over 75,000,000 acres of former grassland. This land would be par-

tially returned to grass in the event of widespread fires, since perennial

grasses lose only a year's growth in a fire and produce plenty of seed in

the first or second year following, while woody shrubs require several

years after germination to produce seed. Grass is economically valuable

as forage, whereas relatively unpalatable shrubs are virtually useless,

besides being more wasteful of ground water.27

- Other ecologists have expressed fears that the situation would be

worse than has been portrayed here, possibly due to the effects of wind.

John Wolfe of the AEC, in a statement at the Congressional Hearings on

Biological Consequences of Nuclear War remarked:2
8



HI-243-RR !V-II

Removal of turf by fire and erosion on plains and prairies
would result in uncheckable erosion by winds with subsequent
expansion of present dust bowls and creation of new ones of
wide extent. Emergency overgrazing and over-cultivation, if
there were those to work, would wreak further havoc.

In an eastern deciduous forest, wind velocity on the forest floor averages

only 3% of the velocity above the canopy. In western conifer forests the

figures are somewhat higher. But with the trees dead it is conceivalle

that vegetative litter protecting the soil surface would eventually be "emoved

in many areas by the combination of wind, fire and runoff from subsequent rain-

fall, which causes mechanical compaction of the soil and reduces its ability to

absorb and retain water.29 The eroding capabilities of wind were well

illustrated by the dust bowl of the 1930's which resulted from loss of

ground cover due to overcultivation and low rainfall. On the other hand,

even a modest reduction of wind velocities near the soil surface has a

marked effect. A study in Schleswig-Holstein in north Germany showed that

hedgerows, between the fields, by reducing air circulation, reduced evapo-

ration from the soil surface to an extent equivalent to a 33% increase in

annual rainfall. 30 Physical barriers also inhibit wind erosion by trapping

the heavier particles and preventing the abrasive action which would other-

wise occur as the particles accelerate. From 60% to 95% of the moving soil

mass never rises more than one foot above the surface. Most of the mate-

rial moves by a process known as "saltation" which consists of short sliding

or rolling movements along the surface, followed by bounces or jumps through

the air. The heaviest grains "creep" as a result of impacts from particles

in saltation. The ratios of distance travelled to maximum rise of these

forward jumps ranges from 7 to 10, with the larger ratio for jumps over 6"

in height. Thus the width and depth of furrows are important. The over-all
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rate of movement of eroding material Increases to a maXmumjdatr/n* /// v

by drag forces) with distance downwind from a barrier. For completely

erodable soils (e.g. fine dune sand) maximum velocity is reached in 10

yards, but for most cultivated soils maximum would not be reached for 500

yards or more. Hence the efficacy of even rather widely spaced barriers

such as hedges.
31

Past experience supplies some evidence for each point of view, but

the net result iq inconclusivu. Caretul long-term experiments at the

Coweeta Hydrologic Laboratory, Asheville, North Carolina, have demonstra-

ted the consequences of heavy grazing, logging, and mountain-farming on

steep slopes in terms of erosion.32 Overgrazing produced by far the

worst effects, but serious erosion did not occur for several years. In

the first few years surface litter prevented rapid runoff; not until

channel blockages of organic detritus had been washed away did erosion

become rapid. However it should be noted that cultivation also produced

serious degradation. In seven years corn production dropped from 23

bushels/acre to only 2 bushels per acre, despite applications of comner-

cial fertilizer (145 lbs/acre) from the fifth year o-, Moreover maximum

flood peak runoff was 8 times higher on the cultivated slopes than it

had been prior to cultivation.

One further factor which could possibly* contribute to serious

flooding as a result of nuclear attack is rapid melting of snowpack,

resulting from deposition of fallout on the surface of the snow, and

lack of shade due to defoliation of trees. Coal dust is sometimes

*It must be recalled that the local warming may e counteracted by
an over-all cooling. See the discussion of dust in 91.
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spread over snow-covered fields in Scandinavia to hasten spr', lting"

Dust deposited b', windstorms can have the samen fet We to the enhanced

hs'"eat -Corea terIad. (Temperature differences

of :20-25o be'e dark and linht surfaces Ire observed.) Snowdrifts

sprinkled with dust or soot become pockmarked and honeycombed as some

parts melt faster than others. The reflectivity of the surface decreases

still further, as the selective melting proceeds. The albedo (reflec-

tivity) of old or wet snow may be as low as 43% of the value for new

powdery snow.33 The net result can be a compression of the period of

thaw from a month or so, to a few days. Stonier34 has calculated that

a 20 HT ground burst would produce sufficient fallout (assuming lO--f

the crater material were involved) to cover an area of 3600 square miles

to a depth of I millimeter. This is probably too large a number in view

of the fact that deposition will be far from uniform, but it suggests the

order of magnitude which might be involved.

The consequences of a speed-up of melting over large areas could be

more important than may be commonly supposed. It is known that

...the river channel is large enough to accommodate all
the water coming from the drainage area only in the
relatively frequent event. The flat area bordering
most channels--the flood plain--must flood to some ex-
tent every other year. To overflow the flood plain is
an inherent characteristic of a river.35w

It is also known that sediment in river or channel bottoms does not move

at all until a finite threshold velocity is reached. Moreover even

*Italics added. The statement quoted is based both on theory and
observation. Frequency of overbank flooding is very nearly constant
for a wide variety of rivers.
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beyond the threshold, the amount of material set in motion is proportional

to the shear forces due to the strength of the current. In other words,

for a qiven rurrent vclocity a dynamic eq .Lrium exists with respect

to the amount of moving sediment--the stream cannot carry more and more

indefinitely or it would become a river of mud. A corollary of these

facts, however, is that "scouring" action only occurs in floods and is a

sharply increasing function of the magnitude of the flood. This in turn

depends primarily on the rate of runoff, not so much on the total amount.

Hence the significance of the Chart (Figure IV-I) taken from reference (32).

Paradoxically, the increased runoff due to destruction of trees could

result in sharp increases in water available for irrigation and/or power,

in several western states. It happens that reservoirs for many irrigation

systems were built with substantial excess capacities. Statistics are

included in Annex D.
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FIGURE Iv-13 2

Distribution of storm runoff for an average of typical summer storms under
forest cover, mountain farming, and after 2 years of rehabilitation.
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Fig. IV-2 shows the average annual runoff from five snow-fed rivers

in the U.S. In view of the foregoing discussion of flooding, the channel

capacity of the river will be found to be roughly at (or slightly below)

the highest point of each curve. The annual curves are plotted in each

case from minimum to minimum disregarding the actual months of the year

when the minima and maxima occur. Allowing for changes of time scale,

a generic resemblance can be seen between these curves and the curves

for runoff from a mountainside (Fig. IV-l) under "normal" conditions.

In both graphs the per cent. of runoff is plotted against time. Speak-

ing still in very general terms, it would be reasonable to expect the

curves, under conditions of accelerated melting, to resemble one of the

other, more peaked, curves of Fig. IV-]. Should this occur, it is ob-

vious that channel capacity would be very greatly exceeded at peak run-

off, resulting in calamitous floods, and that little water would flow

at other times.
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FIG. IV-2
. (See Ref. 36)
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43. Forests

The importance of forests with relation to weather and water/soil

conservation questions was discussed in the two previous sections (§1

and 42) of this chapter. Forests as a source of useful crops and their

connection with pests was mentioned in Chapters II and III respectively.

From Table 1i-1 it can be seen that forest and forest/grass lands cover

one third of the total land in the United States. Tables IV-4 and IV-5

and Map IV-l give a statistical and geographical breakdown of forest

distribution and type.

The importance of forests in the ecosystem arises from the following

multiple roles:

(i) Forests as sources of wood (structural material, fuel, etc.)

paper, etc.

(ii) Forests as climatic (temperature-humidity) factors

(iii) Forests as watershed cover

(iv) Forests as wildlife refugia.

The first and last points have not been dealt with at length. It is per-

haps unnecessary to return to them now, inasmuch as destruction of forests

(e.g. as watershed cover) also destroys their other useful functions.

(One reservation should be noted: dead, but unburned trees can be har-

vested for wood within limits; even btirned trees can be salvaged.)

Our main concern here is to evaluate the survival possibilities of

forests in a postattack environment. Destruction may be due to

1. Blast

2. Radiation (prompt or delayed)
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L TABLE IV-, 37

FOREST TYPES IN U,S.

(Percentages based upon commercial forests,)

Forest Type Per Cent

Oak - Hickory 23
Loblolly - Shortleaf Pine 12
Oak - Gum - Cypress 8

Ponderosa Pine 8
Maple - Beech - Birch 7

Douglas Fir 6
Other Eastern Softwoods 12
Other Western Softwoods 10
Other Eastern Hardwoods 13
Other Western Hardwoods I

100

TABLE IV-!

FOREST DISTRIBUTION IN U.S.

Per Cent of Per Cent of Per Cent of
Nation's Total Land National

Land Covered Forest
with Forests

NORTH: New England 2.1 77 5
Middle Atlantic 4.5 51 7
Lake States 6.3 45 8
North Central 9 7 23 6
Plains 19.3 9 5

SOUTH, South Atlantic 3.9 62 7
South East 8.4 59 15
West Gulf 4.7 58 3

WEST: Pacific Northwest 5.4 52 8

California 5.2 43 6
Northern Rocky Mtns. 11.2 25 8
Southern Rocky Mtns. 17.5 26 14
Coastal Alaska 1.8 45

100.0 100



IV-20 MAP IV-1 HI -243-RR

z ax

U)j

Wlo

zz'

IBI

U-m 99 ~



HI-243-RR IV-21

3. a. Fires ignited by thermal pulse

b. Fires started spontaneously at later times

4. Disease or insect plagues

Blast. This would clearly be a relatively minor cause of destruction

in most plausible attack patterns. Shock waves from a nuclear explosion

would flatten trees over a considerable range but insufficient data exists to

determine the area accurately.38 However the range over which fires would be

ignited is probably greater, for a large-yield weapon, except perhaps

under special weather conditions.

Radiation. Prompt radiation would not be expected to

injure trees not killed or severely damaged by blast effects.

Fallout is the main hazard at more remote distances. Susceptibility of

some species of trees to T -radiation is given in T3ble 1-2 (Chapter I

§ 3). It has already been pointed out (Chapter III § 3) that a syner-

gistic effect due to combined environmental pressures, such as radiation-

damage plus insect pests or disease may be the most severe consequence.

Fire die to prompt ignition. The number of calories/cm2 required

to ignite fires depends on the length of time over which the heat pulse

is delivered, which depends on the yield. For large-yield weapons (20

MT) from 9-18 calories/cm 2 will ignite materials ranging in combusti-

bility from dry rotted wood (punk) to conifer needles. Assuming the same

weapon, thermal pulses of this order can be delivered at slant-range dis-

tances of the order of 25-30 miles. 39

Fires started simultaneously over large areas by this mechanism
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would tend to burn hotter and more completely than conventional forest fires.

In fact one would expect a "Fire-storm" to occtir. Serious question exists

as to whether such fires would spread widely or not. Arguing the nega-

tive, Hill 40 points out that World War II fire-storms in Hiroshima, Ham-

burg and Tokyo did not spread. In fact in no case was 100% of the "seeded"

(with incendiaries) area actually involved in the fire-storm. This is

explained by the violent updrafts, which cause strong, radially-converging

winds which tend to confine the conflagration to its point of origin. On

the other hand, to the extent that fires ignited by nuclear weapons can be

compared with ordinary forest fires, it must be noted that weather condi-

tions are the principal determinant. So-called "catastrophic" fires

occur relatively infrequently (averaging 9 years apart) and only follow

exceptional weather conditions. Hill estimates that a 2000 MT attack

would result in fires burning an area comparable to that destroyed by

forest fires of natural origin in 1930 (a very bad year, admittedly).

Wolfe4 1 and Stonier4 2 anticipate rather more serious

spreading of fires, due to breakdown in firefighting capability

and possibly unforeseeable effects due to highcr temperatures of forest

firestorms. One factor which might support the latter view, and has

not been discussed to date, is the fact that deliberate suppression of

fires in many forested areas of the West has created conditions where

fires, once started and unchecked by human intervention, could be far

more serious than they would have been under "natural" conditions of

repeated small fires. For example, the ponderosa pine forests of the

Southwest have changed character in the last 75 years, due to assiduous

fire prevention. Once they were open and park-like in character, and
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consequently mature trees normally survived the small fires which regu-

larly cleared out undergrowth and debris. Foresters are said to have

referred to these stands as "asbestos forests." Today they are cluttered

with enough accumulated fuel to support far hotter and more destructive

fires. On the other hand where fire is already widely used as a tool

for range management, particularly in Southern longleaf forests, there

would be correspondingly less danger of holocaust.43

It is perhaps noteworthy that human intervention is generally agreed

to be effective only against small or incipient fires. When "catastrophic"

fires do occur firefighters are helplesb (and often do wall to escape

alive). Such fires can be extinguished only by natural barriers or

weather changes. It would seem, therefore, that a breakdown in fire

fighting or fire prevention capability is unlikely to make any difference

in the worst cases being considered.

Later Fires. Here the analogy with conventional forest fires is

certainly sounder. The source of danger would be large areas of dead

trees--killed, perhaps, by combinations of environmental pressure (radia-

tion, insects, disease). Ignition would occur as a result of lightning

strikes, which account for 80% of forest fires at present.

Dry, dead forests are certainly more combustible than live ones, but

probably only slightly so.* Climatic factors are certainly more important.

The greatest danger would be of a combination of appropriate climatic con-

ditions (long drought, low humidity, high winds) and dead forests. More

*In terms of ignition probability.
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important, perhaps, the burning of dead trees would also produce hotter

fires than the burning of live ones. Where the trunks themselves burn,

hot smouldering piles of ashes would be left to heat the soil and destroy

much of the organic matter in it.

Ecological consequences of forest fires are surveyed in Annex E.

Disease or Insect Plagues. The potential seriousness of such plagues

cannot be ovcremphasized. Trees are particularly susceptible--the Engle-

mann spruce beetle case alluded to before (Appendix II) is one example.

A different kind of plague was the chestnut blight which killed virtually

100% of the chestnut trees in North America (where many eastern forests

were over 60% chestnuts). The Dutch Elm disease is rapidly eliminating

another species. Oaks may be in danger now.

As has been pointed out several times, outbreaks of insects or

diseases would be a possible secondary effect of a nuclear attack,

possibly intensified as a result of trees being weakened by radiation

(or fires). Insect pests, diseases and carriers have been listed in

Annex C of Chapter III in conjunction with the discussion of insects.
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ANNEX D
(to Chapter IV. 2)

Availability of Reservoir Capacity in Western Desert Irrigation Districts

The following tables were compiled for this study from original

individual reservoir records of the Water Resources Division, Geological

Survey, Department of the Interior, that lists monthly measurements in

acre-feet stored in each reservoir.

From these summary tables it may be noted that if an increased,

earlier-than normal April runoff had taken place in New Mexico, in an

average year (of the 1938-1947 period), much of this water would have

been retained for summer irrigation use, since in April the six largest

reservoirs averaged only 47%o full.

Likewise, the twelve largest reservoirs in Colorado (in the 1938-

1947 period) averaged only 46Y full in the critical month of April,

while in Utah (during the ten-year period 1951-1961) the fourteen

largest reservoirs held an average of 57% of their maximum capacities

in the same month.
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TABLE IV- 3

SIX LARGEST IRRIGATION RESERVOIRS IN NEW MEXICO
WITH COMPLETELY RECORDED ACRE-FEET (THOUSANDS)

OF STORED WATER, 1938-1947

Average Aggregate Monthly
Capacity of in Average

Reservoirs Reservoir April Over 10 Years

Alamagordo 122.1 59.3 59.4

Elephant Butte 2,273.7 1,133.6 1,169.1

Caball-e 365.0 178.8 123.8

El Vado 226.0 61.9 89.5

McMillan and Avalon 44.5 20.8 15.9

Conchas
(1939-1948) 600.0 256.0 263.9

Totals 3,631.3 1 ,710.4 1 ,721.6

* Peak of thaw period (high runoff)



HI-243-RR IV-27

TABLE IV- 4

FOURTEEN LARGEST IRRIGATION RESERVOIRS IN UTAH
WITH COMPLETELY RECORDED ACRE-FEET (THOUSANDS)

STORED, 1951-1960

Aggregate

Highest Average Monthly
Single Level in Average

Reservoir Over 10 Years April For 10 Years

Bear Lake 1.3 1.0 0.9

Deer Creek 153.2 105.3 104.7

Echo 74.2 51.1 34.5

East Canyon 28.9 21.8 15.3

Hyrum 15.8 14.4 9.5

Moon Lake 36.5 16.6 12.6

Otter Creek 54.8 33.9 20.8

Pine View 841.6 31.6 20.0

Piute 74.0 39.6 24.5

Rockport 58.7 14.9 23.0

Rockyford 21.0 3.1 8.6

Scofield 76.5 29.5 27.2

Strawberry 278.4 175.6 165.9

Servier Bridge 211.0 115.5 71.9

TOTALS 1,168.9 663.9 539.4

* Peak of thaw period (high runoff).
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TABLE IV-5

TWELVE LARGEST IRRIGATION RESERVOIRS IN COLORADO WITH COMPLETELY
RECORDED ACRE-FEET (THOUSANDS) OF STORED WATER FOR 1938-1947).

Average Aggregate Monthly
Capacity of in Average

Reservoirs Reservoir April* Over 10 Years

Riverside 57.5 42.4 31.9

Twin Lakes 54.4 22.6 28.5

Adobe Creek 61.6 23.1 27.1

Point of Rocks 70.0 56.4 . 37.4

Chessman 79.0 60.3 63.0

Eleven Mile 81.9 73.6 75.4

Rio Grande 103.2 16.0 16.9

Taylor Park 106.2 61.8 70.2

Green Mountain 146.9 57.4 95.0

Great Plains 150.0 44.2 38.8

Rio Grande 51.1 16.4 14.6

Cucharas 40.0 5.8 7.2

Totals 1,001.8 460.0 506.0

*Peak of thaw period (high runoff)
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ANNEX E

(to Chapter IV, Section 3)

ECOLOGICAL AFTEREFFECTS OF FOREST FIRES

Effects on Soil

As a general rule erosion and runoff are more severe on burned tracts.

One set of figures for Oklahoma showed increases by multiples of 12 to 31;44

another set for the pine forests of the Sierras showed runoff up by a fac-

tor of from 31 to 463 and erosion up by factors of 2 to 239.45 Results

vary with topography, soil and type of vegetation. In some instances

burning does not cause much damage, or may even be adjudged beneficial,

particularly when one or more of the following is true:

(i) land is flat or gently rolling,

(ii) soil is porous (e.g. sandy),

(iii) the area is quickly reinvaded by the prefire species or a

more desirable one.

The New Jersey or Southeastern pine barrens as well as some brushy wooded

grazing areas in California suffer relatively slightly. In fact fire is

sometimes deliberately prescribed to reduce duff and litter, prepare

the seedbed, and reduce competition from subordinate vegetable species.
46

In most cases moisture retention is definitely reduced in the upper

layers of the soil because direct rainfall uninterrupted by foliage can

cause compaction. Burrowing species of soil fauna may be reduced in

number. Reduction of humus (organic detritus) content can be correlated

with lower water-holding capacity, sometimes for as long as 50 years

after a fire. However at the deeper levels the change, if any, tends
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to be in the reverse direction, e.g. water tables often rise. Where the

water table is already high swampy conditions may be created, as has

happened in Alaska.

The texture of the soil may be affected by fires. In some cases

burned soil (especially clay) becomes harder and less permeable to water,

due to partial baking ("colloidal aggregation"). Sometimes reduction of

porosity is also ascribed to destruction of insects, earthworms, and

micro-organisms which normally channel the soil. Temperatures measured

in various fires are given in Table IV-6.

The dramatic differences between the measurements in different cases

are probably mainly due to a difference in soil water content and in the

length of the burning time, which depends on the amount and type of fuel

available. A point to remember is that in most fires there is insuffi-

cient time for a steady-state temperature gradient to be reached. There-

fore a high temperature "pulse" is created as the fire burns at the sur-

face which -tarts (very slowly) to penetrate the soil. If the fire

passes within a relatively short time, before the heat penetrates far,

the surface cools down quickly by radiation. However if a thick insulat-

ing layer of ashes is formed on the ground, the heat may be trapped. The

greater conductivity of porous sandy soils is probably due to convection

or "percolation" of hot air or water.

Chemical changes due to heating do not fit any simple pattern. In

some cases soluble minerals are released from ashes of organic materials,

thus temporarily increasing fertility. In other cases growth-inhibiting

compounds are apparently formed. Fairly general agreement exists to the

effect that some heating (e.g. less than 2000 F) tends to be beneficial,
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TABLE IV-6
47

Soil Temperatures in Various Forest Fires*

(in degrees Fahrenheit)

1. Heavy forest fuels (Douglas 1841 above the surface
fir, cedar, hemlock) in 608 r inch in soil
Western U.S.

2. Heavy forest fuels (same 850 above the surface
as above) 120 under 3/4 inch of duff

60 under 11 inches of duff
75 1 inch in soil--no duff cover

3. Long leaf pine 150-175 under 1/4 inch for only 2-4
(Southern U.S.) minutes, negligible rise in

temperature under I inch

4. Spruce and pine slash 500 1/4 inch in sandy soil (Heat
(Russia) penetrated deeper in sandy

soil than in heavy soils, in
tnis fire.)

5. Spruce and pine slash 178-415 1/4 inch in sandy soil
(Australia) 150 1 inch in sandy soil

6. Mixed chaparral of blue oak, 840 i inch in duff
dwarf interior live oak, 410 i inch in soil
wedgeleaf ceanothus, with 235 11 inches in soil
scattered herbs (Calif.)

7. Common manzanita, scattered 960 1 inch in litter
grasses and weeds (Calif.) 215 li inches in soil

8. Light fuels, burning two 480 at surface
hours (Sandy soils in a 235 1 inch in soil
eucalyptus forest in 145 3 inches in soil
Australia) 95 6 inches in soil

59 9 inches in soil
54 12 inches in soil

*Variations and discrepancies in temperature figures in spite of

similar vegetation and soil are due to different methos of measuring,

seasons, weather conditions, type and quantity of dead plant material
on the ground. These conditions were not specified in the citations
mentioned above.
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at least to grasses and cereal grains. Certain pathogenic organisms

(fungal spores, bacteria) are more easily destroyed by heat than the

protected plant seeds. Some plant seeds, such as Rhus spp, germinate

17 to 60 times as well after heating.48 Other pyrophilic species are

Cheonathus, Rhamnus californica, Abies magnifica, Pinus ponderosa,

Pseudotsuga taxfolia, and Avena.

Soil temperatures stay higher after burning because of blackening

and charring which greatly increases heat absorbtion. At the surface

temperatures run about 200 F. higher on a sunny day, though at night

they tend to be cooler due to currespondingly more efficient radiation.

At a depth of one inch, under burned grasslands, minimum (annual) tem-

peratures average 20 higher and maxima average 120 higher. At three

inches depth (where the year-round temperature is more nearly uniform)

both minimum and maximum average 4-5 degrees higher. Temperature dif-

ferences such as these may affect vegetation quite seriously, i.e. seed-

lings and N-forming bacteria may be killed, spring germination comes

earlier, etc.

Spruce and alder seem to be particularly inhibited by the presence

of ash, but pine and larch are also slowed. In other cases pines, grasses

and other species appear to be stimulated, perhaps due to lack of compe-

tition from other species. Contradictory results can be explained by

the fact that depleted soils may in some cases be temporarily rejuvenated

by the return of minerals from ash to the ground. Unless these minerals

are quickly reincorporated into plant tissue they may be leached away.

Heathlands in England, after burning, were found to lose 70% of the

soluble mineral salts in the top two inches and 86% below that, in only 4
two months.

49
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Loss of humus is a frequent result of fires. In old pine or spruce

forests there may be a very thick layer of needles, cones, etc. on the

groun-d. Fires have been known to blt~has mCch as two feet of this organic

layer. Various measurements are found in Table IV-7.

TABLE IV-75 0

Fire (regions, type) Reduction of Humus*

1. western Oregon, Washington 75% loss in top i inch; still 50.
(Douglas-fir, hemlock, spruce) below normal after 2 years

2. sagebrush and grasslands "significant" loss in top I inch,
but temporary

3. 33% loss in top 3 inches, negli-
gible loss below

4. grass (annual burning 42 years) 2088 lbs/acre

5. Minnesota (spruce, fir, aspen, 7 to 26 tons per acre, top layer
birch)

6. western white pine forests "takes 50 years or more to replace"

7. Adirondacks (spruce, fir, average depth of 2 inches burned
hardwood)

8. Alaska (spruce, hemlock) burning to mineral soil level
occurred on 30% to 40% of total
burned surface

9. Florida--annual burning "serious" down to 4-5 inches
(open-longleaf, slashpine)

*No consistent parameters for recording losses are available.
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Effects on Living Organisms

Often mosses and lichens are destroyed by fires and take a long time

to recover, especially in northern forests (Canada, Minnesota, et. a].).

On the other hand in the New Jersey pine barrens destruction of trees

stimulated both mosses and lichens, especially the latter. In some cases

mosses and lichens are actually characteristic of post-fire successions.

Many plant diseases are checked by fires (which destroy insect vectors

or spores of fungi but do not actually kill the trees). For example, brown

needle spot Septoria acicola in long leaf pine is drastically reduced dur-

ing the furst and second years following a fire. Further examples may be

cited. On the other hand post-fire successions are very favorable breed-

i g grounds to certain diseases. Fire scars on aspen, jack, red and white

pine allow entry to heart rot, Fomes ignarius. Wood boring insects which

destroy the habitats of birds often increase after fires. Fire damaged

stands may serve as breeding grounds for insects or fungi. Also disease

resistance of trees seems to be adversely affected by heating soil above

250-3000 F.

Bacteria are influenced by the altered acidity (pH) of soil after

fires, due to the (temporary) release of alkalis from ashes. In most

cases such effects seem to be very short lived (of the order of one week)

but in the Douglas-fir region slash burning with the subsequent release

of calcium favors the growth of nitrogen-fixing bacteria Azotobacter and

Clostridium.

In the top two inches of burned soil the population of invertebrates

(insects and worms) may drop to as little as 10% of prefire numbers de-

pending on temperature. Earthworms are comparatively more susceptible 4L)
than other species.51
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Vertebrates react variously. Deer prefer subclimax (e.g. post-fire)

vegetation, as do grouse. Other species such as Caribou (in Canada) dis-

appear following a fire. Small fires destroy relatively few individuals

directly, due to burrowing habits or mobility. Some birds, e.g. wrens,

quail, bluebirds, actually follow fires, nesting in fresh burns. Fires

which destroy popular nesting places such as marshes, and especially if

eggs and young are trapped, may lead to increases in insect activity."

Squirrels often disappear from burned areas for ten years, as do beavers

aid other fur-bearing spoecies. Mice, such as Microtus, require at least

one year's mulch for runways. Controlled grass fires in long leaf pine

woods help cut the rat population. Fish are often killed by the wash of

ash into streams and ponds.

Plant species react very differently. Species by species analysis

would be required. Definite patterns of post-fire succession exist, but

depend on the climate, soil, surrounding vegetation, etc. Usually, herbs,

grasses, and shrubs invade the burned area. Seeds may be windborne or

long-dormant already underground (perhaps stimulated to germinate by the

heat). Many brushy species sprout vigorously after fires from surviving

roots. Seeds of other species are brought into the site by animals brows-

ing on the plants which grow at first after the fire. Access of sunlight

and removal of forest litter favors seedling growth for conifers as com-

pared to deciduous species. The former are inherently faster growing but

cannot penetrate litter due to shallow root systems and increased need

for water. Hence deciduous species seldom follow burning.

Jack pine (Pinus banksiana) follows fires in the north, but is only

moderately fire-resistant itself; seeds in cones remain viable for many

years, cones being opened by heat. Jack pine prefers sandy soil.
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Paper birch and white pine (Pinus strobus) often follow fires in

northern Minnesota. Paper birch is easily killed by fire, while white

pine is moderately resistant. These are normally succeeded by basswood,

fir and black ash. White pine invades clay-loam sites. Paper birch

likes mineral soil and plenty of sun.

Red pine (Pinus resinosa) seems to follow fire sometimes on sandy

soil. Opinions differ on whether burning favors this tree. It is itself

quite resistant to fire, having moderately high crowns, deep roots and

growing in open stands.

Aspen (Populus spp.) is a well-known fire cover. Vegetative sprout-

ing occurs in the first year following fire, and germination of seeds is

very vigorous two or three years after a fire. Aspen is easily killed,

due to thin bark. Stands are persistent, fairly dense, and hard to

replace by other trees.

Black spruce (Picea mariana) is easily killed by fire but re-estab-

lishes quickly. As with jack pine, cones open due to heat. Fire also

inhibits competition from cedars and tamarack.

White spruce (Picea qlauca) is also highly susceptible and sometimes

slow to return after fire. Heat destroys seed in the cones and reseeding

requires wind or other rrchanisms. Spring and early summer fires are the

worst; later fires seem to be less serious and reproduction may be fairly

rapid.

Longleaf pine (Pinus palustris) is exceptionally fire-resistant and

fire can be used deliberately to favor this species. It has thick bark,

very deep roots, high, open crowns and grows in very open stands. Other

generally resistant species are pitch pine (Pinus rigida), pond pine
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(Pn serotina), slash pine (EPins elliottii), shortleaf pine (PInus

echinata), loblolly pine (Pinus taeda) as well as red pine.

The least resistant eastern species are firs (AbLies s.), cedars

(Thuia I.. and Juniper spa.), aspens, spruces, birches, sugar maple (Acer

saccharum), and scarlet oak (Quercus coccinea).

Among Western species, the redwood (Sequoia sempervirens) is extremely

resistant to fire, as is the Western larch (Ltrix occidentalis). Ponderosa

pine (Pinus ponderosa) and Douglas fir (Pseudotsuga menzieslsii) are also

highly resistant. All have very thick bark and deep roots. The redwood

and larch have high crowns, while the ponderosa and larch grow in open,

or relatively open, stands.

At the other extreme Alpine fir (Abies lasiocarpa) has very thin

bark, grows in dense stands and is highly susceptible. Only slightly

more resistant are western red cedar (Thuia plicata), western hemlock

(Tsuqa heterophylla), Engelmann spruce (Picea engelmanii), and Sitka

spruce (Picea sitchensis), due to relatively thin bark :id dense growths.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

In this chapter we shall present, first, a summary of the evalu-

ations given in earlier chapters (II, III, IV)* with respect to specific

environmental affects of a thermonuclear attack on the United States.

It will survey the possible approaches toward a continuation and exten-

sion of the present study. In particular, we shall consider the

possible advantages and disadvantages of developing "ecological

scenarios."

Section 2 will discuss further the question posed at the outset

(Chapter I 6I), namely: what constitutes a large attack, from the environ-

mental or ecological standpoint?

The third and final section will discuss other recommendations

for further research or for action on the part of OCD, especially in the

area of countermeasures. Some priorities based on crude cost-effective-

ness considerations will be included.

Chapter I consists only of background and factual data, as do the

Annexes.



HI-243-RR V-1

61 Summary of Evaluations

Chapter II discussed the human "food chain", in a generalized sense,

including other necessities such as fiber, drugs and medicines and other

products having a biological source. Since the 'Chain' is usually short

(oneortwo links), the chapter could have been entitled "Requirements and

Sources of Necessities."

Section1 discussed nutritional requirerrents. It was concluded

that in a postattack environment Calories (energy) would cause the least

potential difficulty. Most minerals would probably pose no serious prob-

lem, provided certain measures are taken beforehand to ensure supplies of

inorganic calcium and phoshorous, much of which normally comes from milk

or dairy products, The fat-soluble vitamins (A, D, E, K) and esscntial

fatty acids (mainly linoleic acid) also do not seem likely to be a bottle-

neck, again provided adequate advance preparations have been made. The

most critical problems would probably be to supply certain of the water-

soluble vitamins (B complex, C, P) and essential amino-acids (protein).

In particular, attention was drawn to three points:

a.) The role of intestinal bacteria in supplying B-vitamins, their

dependence on lactose and P-amino benzoic acid (PABA), and their suscepti-

bility to anti-biotics and sulfa-drugs was described. The connection

between B-vitamin shortage and enteric diseases (typhoid, dysentery, etc.

usually treated by sulfas and anti-biotics) common in crowded conditions

with bad sanitation was emphasized. All of these were related to probable

postattack conditions.

b.) The role of vitamin C in promoting and maintaining the disease-

fighting mechanisms of the body was pointed out, especially in the context
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of widespread radiation sickness, together with its extreme fragility

(bad storage characteristics) and our present-day dependence on citrus

fruits and green vegetables for much of the supply.

c.) The distinction between essential and inessential amino-acids was

drawn. Evidence suggests that the sulfur-containing amino-acids, methionine

and cystine, are likely to be hardest to supply in postattack diets.

Effective measures to alleviate these potential problems will require

careful advance planning and may not be altogether successful.

Section ? discussed the distribution of various essential crops. A

comparison of the attack maps and the crop maps points up several salient

facts. Most important, any large scale "mixed" attack, such as the two

shown on Maps II-I, 2 will have very uneven consequences, agriculturally

speaking. A number of crops are geographically vulnerable, particularly

citrus fruits (lemons most of all), vegetables, and potatos. Cereal grains,

being widespread, are much less vulnerable.

An unfortunate coincidence is apparent: most of the good farming areas

west of the great plains -- particularly the irrigated regions -- have been

chosen for SAC and missile bases. This is disturbing in view of the large

expanse of empty desert, scrubby brushland and barren mountains available

ii. northern Arizona, Nevada, and Utah.

Section 03 discussed possibilities of artificial ecosystems to produce

essential biological products. In most cases, it was pointed out, these

artificial ecosystems (e.g. to produce algae as supplementary food sources,

or to produce various drugs with biological sources) require considerable

industrial capacity, which might not survive an attack. Apart from stock-

piling medical supplies, it may be desireable for chemical and drug
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manufacturing concerns to consider further decentralization of facilities

in planning their future expansion.

Chapter III discussed pests and diseases of humans, of domestic ani-

mals, and of crop plants, together with relevant ecological factors.

Sectionfl discussed diseases of humans and domestic animals together

due to their similarities. Diseases due to nematodes were neglected, as

being unlikely to increase in importance in consequence of a nuclear attack.

Differences in modes of treatment for man and animals were stressed, parti-

cularly the possibility (and desirability) of slaughtering sick animals.

Differences in modes of propagation, due to isolation of herds from one another,

etc. were also pointed out.

As regards humans, the primary danger point seems most likely to be

hospitals themselves, crowded with victims of radiation sickness (which

means low disease-resistance), short of drugs, vaccines and blood-plasma,

and already known to be permanent foci of infection of many highly resis-

tant disease )rgFlsms (Staphylococci, Streptococci, etc.). One latent

typhoid carrier, for example, in such circumstances could produce an explo-

sive epidemic.

Crowded community fallout shelters (e.g. converted schools, courthouses,

etc.) could be dangerous. It is likely that many people would abandon their

homes and continue to live in the shelters for long periods to avoid any

unnecessary exposure to residual radiation. Bad sanitation might result

in polluted water, resulting in dysentery, typhoid and other enteric infec-

tions. Crowded habitations are also breeding grounds for lice, flies, and

often rats. Typhus often breaks out in such circumstances and plague is a

possibility (though neither is endemic in the US).
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Absence of nationwide public health controls could also result in

malaria, yellow-fever, smallpox, cholera or other epidemic diseases.

As regards animals, continued isolation of herds, and slaughtering of

the sick (if possible!) will probably keep disease from spreading. In a

postattack environment it might be difficult to dispose of carcasses safely,

however.

Sectionf2 discussed plant diseases. It was emphasized that treatment

is virtually never economic (except for trees), so that efforts are j rc:ted

towards controlling spread, and developing inherited resistance. In a posc-

attack environment the active development of hybrid strains will for a time

certainly be inhibited or halted. The fact that background radiation is

likely to increase the rate of mutation of pathogens can only increase

the difficulty.

To the extent that active farming continues, cultural controls will

still be feasible and should be fairly effective. Insecticides may be in

short supply but probably not completely unavailable. The unknown factors

center on secondary effects:

(i) Do insects (which spread disease) multiply vastly or not?

(ii) What happens to the weather?

The answer in both cases is equivocal.

Section 43 discussed insects specifically, especially in terms of the

question asked above. Some evidence was presented to the effect that insects

whose larvae live out in the open may not be able to benefit immediately, in

a postattack situation, by the (presumed) decimation in the ranks of their

principal vertebrate enemies. Thus caterpillars and aphids seem unlikely

to multiply disastrously, at least in the first or second year. On the

other hand bark-beetles, Japanese beetles, grasshoppers and crickets whose

larval stage is more protected frome-radiation are quite likely to do so. (These
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insects are among the most likely to undergo population explosions in

favorable circumstances anyhow.) We note, particularly, that predation is

not demonstrably an important factor in governing the population of

any of the latter insects. On the other hand they are all characterized

by relatively long life cycles (usually one generation per year, except

in exceptionally favorable climates). Population buildup is consequently

slower than for mozt of the crop pests and is more strongly influenced by the

the climate, especially the severity of the winter, and the availability

of food.

It appears, therefore, that the fast-breeding crop destroyers are

likely to be severely decimated themselves by a heavy deposition of fallout.

On the other hand, many insects whose habits give a considerable degree of

4 protection from radiation, are fairly slow breeders whose population dynamics

are relatively independent of predator pressures, but influenced by climate

and food supply.

Conclusions such as the above are necessarily hazy to a degree, and

subject to a number of assumptions which are only justified by a lack of

specific data, particularly on radiosensitivities and radlo-nuclide cycling.

Section §4 is a discussion of the higher vertebrates, particularly

rodents and insectivores (especially birds). The main points brought out were:

(i) An attack in winter would find many of the small, fast-reproducing

vertebrates protected in holes or crannies (and some birds absent). They

would be able to continue to exert pressure on the insect community the

following spring, almost as usual.

(ii) In fact an argument was presented to the effect that the most

( likely consequence would be an outbreak of rodents, due to the disappearance

of (many of) their predators.
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The distinction between 'winter' and 'summer' is not significant

everywhere in the U.S., but it is certainly important in the northeast

and midwest (the most populous areas) and in the northern great plains,

as well as all mountainous regions.

Section 5 is a brief discussion of "weeds" as pests. No useful

conclusions could be reached, except the general statement that the bal-

ance between useful and useless plants would probably be upset (to some

extent) in favor of the latter, following a thermonuclear attack. This

would probably occur independently of secondary effects, simply as a

consequence of relaxation of pressure by farmers.

Chapter IV discussed abiotic factors in the environment, particularly

weather and watershed problems (e.g. erosion). In section l possible

interactions between a nuclear attack and weather conditions were surveyed.

Evaluations could not be attempted, but several possibilities were outlined.

The most plausible direct result seems to be an over-all cooling effect as

a result of large amounts of semi-opaque dust being released into the strat-

osphere. Consequences are very hard to predict. The most likely indirect

influence on weather and climate would be through destruction of forests.

Serious disagreement exists among meteorologists as to the potential impor-

tance of such destruction.

Section 2 focussed ottention on water and soil conservation. Again

the question was what the effect of the destruction of forests might be.

In this case the evidence, though meagre, seems to point to two conclusions:

1. Runoff and ground water would increase, if anything.

2. Erosion might take place, especially if hot fires destroyed the

organic material protecting the soil on steep slopes, and most particularly if

heat absorption by a layer of soot and fallout on the surface of winter snow



HI-243-RR , V-7

resulted in abnormally fast melting. However the over-all cooling previously

mentioned could counteract this somewhat.

An accelerated thaw could result in extremely serious floods, prob-

ably unprecedented in the normal weather cycle, which could proeiice very

severe erosion on lower slopes, and tremendous silting in river valleys.

Annex C contains background on water-storage capacities in several

western states.

Section §3 reviewed the various roles of forests in the ecosystem,

many of which were touched upon in other parts of the report. Mechanisms

whereby forests could be damaged or destroyed as a result of an attack were

summarized, with special attention to the possible effects of fires (not dis-

cussed elsewhere in this report). It seems likely that a combination of in-

sects, insect-borne disease, and fallout would be the worst hazard to the

forests, with fires being of lesser importance. Annex E includes back-

ground information on ecological aftereffects of fires.

Possible Extensions. There are two possible approaches for future

efforts: analytic and synthetic.

The analytic approach to a continuation of the present study would

include both general and specific objectives. The general aim would be

to continue to search and collect the scientific literature for research

bearing on radio-ecology, both past and current. The specific aim would

be to narrow the focus of attention while increasing the "magnification."

To take one example: having identified grasshoppers, Japanese beetles

and bark beetles as likely to escape radiation damage, their life histories,

habits, climatic preferences, etc., should be examined in more detail (always

from the point of view of the postattack eiivironment).

(The analytic approach would proceed similarly with the other elements

which have already been labelled as "most likely to be critical."
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At the same time the arguments by which the more critical elements

were tentatively identified should be reviewed and tested. In some instances

unsuspected subtleties will appear which may change the conclusions. Still

deeper study would be called for in these cases.

The synthetic approach would be an explicit effort to picture the

situation which would result from a thermonuclear attack, in terms of its

impact on some selected (typical) locality. Since analysis cannot do this

job completely, an exercise of literary imagination might fill some of the

gaps and make the picture (or "scenario'') coherent.

The value of the result depends on the extent to which the many disparate

elements have been successfully fitted together, correctly taking account of

their known mutual interactions. Information about life-cycles, natality, or

climatic sensitivities may not be especially useful in such an endeavor,

except that the end result must be consistent with the available data.

Information such as the fact that quail populations and cotton-rat populations

tend to increase and decrease synchronously (at least in north Texas) is

equally or more likely to be helptul.

In synthesizing ecological scenarios one requires, above all, informa-

tion about ecological events of great magnitude which have occurred in the

past. The rat-quail outbreak alluded to above is a typical example out of

hundreds in the literature.

Two such events are recorded in detail as Appendices to this report.

Appendix II describes an outbreak of bark-beetles which destroyed 500,000

acres of spruce trees. Appendix III describes the eruption of Krakatau in

1883 whichjlifted several cubic miles of volcanic debris into the sky.

Some comments are included indicating some of the implications of these

events for a postattack environment.
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2. "Larmie" and "Small" Attacks

To relate military-strategic parameters describing the size of an

attack to environmental consequences some sort of theory is required.

At present we can offer only some rather hazy notions which may stimulate

further thought on the subject.

In words: a big war, ecologically-speakingwould be one in which the

balance of nature were severely disturbed. The size of the attack would

then be functionally related to the severity of the disturbance.

Even a cursory glance at the problem in these terms reveals one rele-

vant fact, namely, that the functional relationship is non-linear. That is

to say, a small disturbance is likely to be self-compensating, whereas a

large (enough) one will not be. (To take an extreme case: a sufficiently

great disturbance could result in the permanent denudation of a whole con-

tinent.) This introduces the notion of unstable equilibrium, and suggests

a possible ecological criterion of a "large" attack: one which is large

enough so that disturbances do riot result in self-compensating corrections,

but lead to some new (unstable) equilibrium.

Simple examples of this sort of situation are well-known. It has been

repeatedly demonstrated that loss of vegetation (say, due to logging or fire)

from a hillside will cause erosion. If the damage is stopped early enough,

the vegetation will return fairly rapidly. But if the vegetation is inhib-

ited for a sufficiently long period erosion proceeds to the point of no

return, all the top soil is lost and the area will no longer support the same

type of plant life. Several copper smelting areas in the U.S. and Canada

( have experienced such a permanent change. Possibly the once-wooded and

fertile areas of North Africa were turned into desert by a similar long-

term mechanism (overgrazing).
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The point-of-no-return for an ecosystem, thus loosely defined, would

determine how many Curies or MT's could be tolerated. Ecological systems

certainly vary widely in their ability to recover. The radiosensitivity

of the various species is one factor, and the details of the mutual

interactions are another one. We can say very little of a general nature

which would throw light on the problem.

One possible generalization--and a dubious one at that--: the more

complex an ecosystem, the more self-compensating mechanisms there may be,

and the better its ability to return to something like the original equi-

librium. This is based on the observation that complex ecosystems (such

as tropical jungles or temperate forests) suffer fewer wild oscillations

than simple systems (e.g. arctic regions). Unfortunately we do not feel

justified dt present in attempting to state a clearer or more explicit

connection between attack parameters and ecological consequences.
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§3. Recommendations

A possible dichotomy would be to divide the recommendations into two

categories, (I) study programs and (2) action programs. Admittedly the

division seems to be somewhat artificial, since all study programs (at

least within OCD) should be directed in some sense toward determining

future actions. Moreover it would be unreasonable for OCD to take specific

actions on the basis of recommendations resulting from a preliminary study

without at least extending the investigation to cover the practical details

(how? where? how much? etc.). Thus each implies the other. Nevertheless

recommendations will be clearly either "action-oriented" or "study-oriented.'

One other distinction seems to be useful, and that arises in defining

objectives. One set of measures can be designed (in view of our previous

evaluations) to maximize chances of survival. A iother may be designated to

maximize the rate (or probability) of recovery. We have three categories:

1. An action-oriented program to maximize survival chances by stock-

piling certain dietary and medical items in central locations or community

shelters around the country, would consider:

a) Vitamin C --A one year supply for the whole population, assuming

50 mg. per person per day.would require a stockpile of 5,000 tons

of the pure vitamin. It should be noted that this is equivalent

to roughly 18 months of normal production.*

b) Mineral tablets containing calcium, phosphorus, iron, iodine

*U.S. Tariff Commission, Synthetic Organic Chemicals. U.S. Produc-

tion & Sales. 1261, Washington, D.C. (1962).
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and salt. (Again, production problems are by no means trivial

and normal production might have to be multiplied manyfold.)

c) Fish liver-oils for Vitamins A, D, E, linoleic acid, etc.

(Commercial fisheries probably produce enough to build up such

a stockpile in a reasonable time. Animal liver oils, and vege-

table seed oils (peanut, soybean, cottonseed) could be added.

Methods of inhibiting oxydation should be tested, e.g. vacuum

storage.)

d) Lactose, PABA and vitamin B-complex tablets could be stockpiled

with all sulfa-drugs in reasonable quantities.

e) All community fallout shelters likely to be inhabited for ex-

tended periods could be provided with a number cf miscellaneous

items, including:

(i) ultraviolet lamps (where there is power available)

(ii) warfarin (rat poison)

(iii) insecticide (mainly powders for external application)

(iv) water decontamination supplies (e.g. chlorine pills

in calibrated amounts, etc.) or rechargeable ion-ex-

change water purification equipment.

f) At strategic locations there could be stockpiles of the more

critical medical supplies, especially

(i) tetracyclines, chloramphenicol and erythromycin

(ii) plague, cholera, typhoid & paratyphoid, diphtheria,

smallpox, polio and pertussis vaccines (to be used

primarily to protect medical workers).
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(iii) blood plasma and whole-blood

(iv) ACTH, cortisone and other steroids

2. An action-oriented stockpiling program to maximize (agricultural)

recovery chances by stockpiling essential biological elements would consider:

a) Crop seeds of pure strains of all major crops. Should be kept dry,

refrigerated (if possible), purified, fumigated, etc.

b) Animal sperm, especially for dairy stock

c) Live female animals and birds, particularly insectivores capable

of rapid reproduction, e.g. shrews, woodpeckers.

d) Biological materials such as nitrogen bacteria innoculant for

legumes, bacterial and viral cultures used in controlling insects

(e.g. Bacillus Thur;niensis)*

e) Live insects or fertilized (refrigerated) insect eggs of benefi-

cial species likely to be needed, e.g. lady-beetles, honeybees,

etc.

The above stocks could be used to establish breeding farms or nurseries

when conditions permit. These measures are in addition to storing insecti-

cides, fungicides, herbicides, tractor fuel, etc., commonly recommended.

3. Several research-oriented programs. The libt of desirable re-

search projects is almost endless so we restrict attention to examples

arising directly out of the present study:

a) Radio-nuclide cycling should be investigated in various predator-

prey situations, particularly among insects and insectivores.

Parasites, predators or insectivores of special interest

*This and several other biological pesticides are now manufactured
commercially by at least three companies In the U.S. and one in France
(New York Times, April 12, 1963).
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might be:

parasitic wasps and flies

lady-beetles and lace-wings

spiders

dragonflies

praying mantids

shrews and voles

various insectivorous birds

Experiments under laboratory conditionq with labelled nuclides

would be easy, inexpensive and very informative. This would be

ideal for research contracts to universities.

b) Fallout simulation, either in a laboratory ecosystem (e.g. a

g-eenhouse) or in conjunction with atomic tests couid be

attempted. The former would :e preferable for many reasons,

even if the simulation of fallout proved difficult. Weather con-

ditions would be predictable, measurements would be easy to make,

there would be no problem of allowing for movement of species

into or out of a test site, the amount of radio-active material

present would be known accurately rather than conjectured from

scattered instrumert readings. Moreover test-site programs are

underway already in Nevada (Brigham Young University) and in the

Pacific.

Even if the testing were carried out at the convenience of

the ecological researchers (which they are not and may not be

in the foreseeable future) so that preparations were complete,
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"before" and "after" studies feasible, etc., most of the diffi-

culties mentioned still apply. In addition, such experiments

are perforce limited to ecosystems of little or nn pratical

importance, though admittedly general principles di~covered from

such experiments might be applicable in other ecosystems.

The investigation should concentrate on studying synergistic

effects, relative importance of '-radiation,fl-radiation and

OL-radiation, lethal doses for insects and animals with different

life cycles, and so forth. The effect of the time rate of decay

of the fallout should also be rioted (this could be investigated

to some extent by conventional techniques). Insects, small ani-

mals, and possibly even birds, could be brought into the green-

house ecosystems.

We therefore recommend consideration of laboratory experiments

on "greenhouse" ecosystems. Such a program would be time-consum-

ing and moderately expensive, but may be well worth the cost.

A large number of studies have been advocated* which would be

of great importance to the study of a postattack environment,

but are also of more general ecological interest. More studies

of predator-prey-plant relationships, soil erosion, consequences

of "hot" forest fires, dynamics of population explosions, the

connection between mutations and evolution (e.g. new pathogens)

are all needed. Such investigations would be carried out anyway

*See the Summary of Proceedings at the Conference on Ecological
(Considerations held at the Hudson Institute, July 30-31, 1962.
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in the normal course of development of biology and particularly

ecology. We see no immediate prospect of OCD being in a posi-

tion to actually subsidize any substantial number of such pro-

jects, if only because most are not "clearly" within the civil

defense area. Thus no single one is of high priority. Yet the

continued or even accelerated advancement of the field, as a

whole, is definitely very important for OCD.

We recommend, therefore, that a degree of professional

competence in this area should be retained (or built-up, to the

extenc that it does not presently exist) by OCD. This would

Imply familiarity with current ecological literature, and with

the status of various ongoing projects funed by other agencies

(mainly AEC). It would also involve further analytical work

correlating existing statistical data, surveys of past ecologi-

cal events, and evaluations of ecological "models" etc. As well

as the development of new approaches such as "scenarios."

To summarize, we propose that careful consideration be given ke.g.

that "engineering-type" studies be initiated) on two different stockpiling

programs, (1) for survival capabilities and (2) for agricultural recovery

capabilities.

We also recommend specific experimental (!aboratory-type) programs of

special importance to OCD, (a) on radio-nuclide cycling in predator-prey

food chains, particularly involving insects and insectivores, and (b) on

simulation of fallout in closed (greenhouse) ecosystems under controlled

conditions. Beyond this we feel that OCD should maintain continuing com-

petence in, and contact with, current research on bio-ecological problems.
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APPENDIX I

(Abstract from Summary of Progress from Sept. I, 1962 to Dec. 15, 1962)

Survey of Twenty-seven Research Projects Currently in Progress

As part of the preliminary investigations under this contract we compiled

a list of 27 current research contracts which appeared to be in some way

related to ecology in a post-attack environment. Of these, three were from

the Department of Health, Education and Welfare, one was at Walter Reed

Hospital, and the remainder financed by the AEC. The vast majority of eco-

logical studies are only of marginal interest.

For example, only one study is specifically related to cycling of radio-

nuclides in plants of agricultural importance; we have not yet learned any

details of this program.

Three studies are concerned with radiosensitivities of forest trees

and seeds.

Two studies are concerned with effects of radiation on animal populations

under experimental conditions. One of these studies is restricted to lizards.

The other is concerned with a variety of small vertebrates.

Two studies are concerned with the ecological after-effects of nuclear

tests. One refers to the biotic community of coral atolls in the central

Pacific; the other to a desert community in Nevada. A third promising study

was to have been done in connection with project "Chariot" on the north west

coast of Alaska, but this project has been shelved, at least temporarily.

(C
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The remaining studies in the group are concerned with such things

as the somatic effects of fallout from nuclear testing, the mechanisms

of radio-nuclide cycling in plants generally, or in aquatic communities.

Several studies are specifically ecological, but are limited to the

ecological effects of very low level contamination such as is to be

found in the vicinity of AEC installations.

The most important observation which emerges from the still incom-

plete survey is that a number of the most important subjects (from a

postattack point If view) have been either totally or comparatively

neglected. For example:

i) No extensive "serious" studies appear to have been done on

radiosensitivitics of most important agricultural plants. Only a

small amount has been done on cycling of radio-nuclides in these

plants. At present one is left with little besides Sparrow's theo-

retical predictions (valuable as they may be) in regard to the

sensiti'ities of these important species. (See Chapter I 3.)

ii) No studies appear to have been done at all on the effect

of radiation from fallout on insects. Laboratory experiments

have been done largely with x-rays, under conditions far from

natural. The effects ofj-particles on insects (which would often

theoretically be much more important than x-rays) have been

virtually ignored. Moreover those species which have been studied

extensively in the laboratory are by and large not of greatest

economic concern.* From the point of view of a postattack

environment one would like to know about the effects of fallout

*In a postattack environment--though admittedly pests of stored
grain (which have been studied) are not unimportant.
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on bees, ants, mosquitoes, 9 rasshoppers, and locusts, and

various widespread agricultu ral pests such as weevils, borers,

and beetles.

iii) One would like to see wmuch more attention to grasslands

and croplands, and their ind igenous populations. Such

ecological work as is being &ne today is remarkably concen-

trated in areas of comparati vely little importance for nuclear

war problems--such as desert s, ponds,and streams.

iv) No studies at all seemr to have been devoted to possible

epidemiological consequences, of nuclear war.

v) Finally, one must emphiasize as a general remark, the

obvious fact that the majori ty of existing projects have been

4 undertaken with reference tcx very low level contamination

(arising from either fallout: or waste-disposal). It is

puzzling that both researchmrs and sponsoring agencies have

thought it worthwhile to undertake a number of investigations

having the specific orientation of "classical" ecology with

applicat ions restricted to the extreme low-level intensity

case where effects, if any, are likely to be detectable only

statistically over long periods. In the interesting

(scientifically) and more cr-itical (post-war survival) case

of high-level radioactivity there is virtually nothing being

done outside of Brookhaven mnd Emory University.


